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8VLQJ.QRZOHGJH$QFKRUVWR)DFLOLWDWH8VHU
([SORUDWLRQRI'DWD*UDSKV
(GLWRUV.U]\V]WRI-DQRZLF]8QLYHUVLW\RI&DOLIRUQLD86$
6ROLFLWHGUHYLHZV9DOHQWLQD0DFFDWUR]]R9ULMH8QLYHUVLWHLW$PVWHUGDP1HWKHUODQGV%R<DQ8QLYHUVLW\RI&DOLIRUQLD86$
6LPRQ6FKHLGHU8WUHFKW8QLYHUVLW\1HWKHUODQGV

0DUZDQ$O7DZLODE9DQLD'LPLWURYDE'KDYDONXPDU7KDNNHUFE
D.LQJ$EGXOODK,,6FKRRORI,QIRUPDWLRQ7HFKQRORJ\8QLYHUVLW\RI-RUGDQ$PPDQ-RUGDQ
E6FKRRORI&RPSXWLQJ8QLYHUVLW\RI/HHGV/HHGV8.
F)DFXOW\RI(QJLQHHULQJDQG,QIRUPDWLFV8QLYHUVLW\RI%UDGIRUG%UDGIRUG8.
$EVWUDFW7KLVSDSHU LQYHVWLJDWHVKRZWRIDFLOLWDWHXVHUV¶H[SORUDWLRQWKURXJKGDWDJUDSKV7KHSULPHIRFXVLVRQNQRZOHGJH
XWLOLW\LHLQFUHDVLQJDXVHU¶VGRPDLQNQRZOHGJHZKLOHH[SORULQJDGDWDJUDSKZKLFKLVFUXFLDOLQWKHYDVWQXPEHURIXVHUIDFLQJ
VHPDQWLFZHEDSSOLFDWLRQVZKHUH WKHXVHUVDUHQRWH[SHUWV LQ WKHGRPDLQ:H LQWURGXFHDKLJKO\XQLTXHH[SORUDWLRQVXSSRUW
PHFKDQLVPXQGHUSLQQHGE\WKHVXEVXPSWLRQWKHRU\IRUPHDQLQJIXOOHDUQLQJ$FRUHDOJRULWKPLFFRPSRQHQWIRURSHUDWLRQDOLVLQJ
WKHVXEVXPSWLRQWKHRU\IRUPHDQLQJIXOOHDUQLQJLVWKHDXWRPDWLFLGHQWLILFDWLRQRINQRZOHGJHDQFKRUVLQDGDWDJUDSK.$'*
:HSUHVHQWVHYHUDOPHWULFVIRULGHQWLI\LQJ.$'*ZKLFKDUHHYDOXDWHGDJDLQVWIDPLOLDUFRQFHSWVLQKXPDQFRJQLWLYHVWUXFWXUHV
7KHVHFRQGNH\FRPSRQHQWLVDVXEVXPSWLRQDOJRULWKPWKDWXWLOLVHV.$'*IRUJHQHUDWLQJH[SORUDWLRQSDWKVIRUNQRZOHGJHH[
SDQVLRQ7KH LPSOHPHQWDWLRQRI WKHDOJRULWKP LVDSSOLHG LQ WKH FRQWH[WRID6HPDQWLFGDWDEURZVHU LQDPXVLFGRPDLQ7KH
UHVXOWDQWH[SORUDWLRQSDWKVDUHHYDOXDWHGLQDWDVNGULYHQH[SHULPHQWDOXVHUVWXG\FRPSDUHGWRIUHHGDWDJUDSKH[SORUDWLRQ7KH
ILQGLQJVVKRZWKDWH[SORUDWLRQSDWKVEDVHGRQVXEVXPSWLRQDQGXVLQJNQRZOHGJHDQFKRUVOHDGWRVLJQLILFDQWO\KLJKHULQFUHDVH
LQWKHXVHUV¶FRQFHSWXDONQRZOHGJHDQGEHWWHUXVDELOLW\WKDQIUHHH[SORUDWLRQRIGDWDJUDSKV7KHZRUNRSHQVDQHZDYHQXHLQ
VHPDQWLFGDWDH[SORUDWLRQZKLFKLQYHVWLJDWHVWKHOLQNEHWZHHQOHDUQLQJDQGNQRZOHGJHH[SORUDWLRQ:HSURYLGHWKHILUVWIUDPH
ZRUNWKDWDGRSWVHGXFDWLRQDO WKHRULHV WR LQIRUPGDWDJUDSKH[SORUDWLRQIRUNQRZOHGJHH[SDQVLRQZKLFKH[WHQGVWKHYDOXHRI
H[SORUDWLRQDQGHQDEOHVEURDGHUDSSOLFDWLRQVRIGDWDJUDSKVLQV\VWHPVZKHUHWKHHQGXVHUVDUHQRWH[SHUWVLQWKHVSHFLILFGRPDLQ
.H\ZRUGV'DWDJUDSKVNQRZOHGJHXWLOLW\GDWDH[SORUDWLRQPHDQLQJIXOOHDUQLQJNQRZOHGJHDQFKRUVH[SORUDWLRQSDWKV
,QWURGXFWLRQ 
,Q UHFHQW \HDUV5') OLQNHGGDWD JUDSKV KDYHEH
FRPH ZLGHO\ DYDLODEOH RQ WKH :HE DQG DUH EHLQJ
DGRSWHGLQDUDQJHRIXVHUIDFLQJDSSOLFDWLRQVRIIHULQJ
VHDUFK DQG H[SORUDWLRQ WDVNV ,Q FRQWUDVW WR UHJXODU
VHDUFKZKHUHWKHXVHUKDVDVSHFLILFQHHGLQPLQGDQG
DQLGHDRIWKHH[SHFWHGVHDUFKUHVXOW>@H[SORUDWRU\
VHDUFKLVRSHQHQGHGUHTXLULQJVLJQLILFDQWDPRXQWRI
H[SORUDWLRQ>@KDVDQXQFOHDU LQIRUPDWLRQQHHG>@
DQGLVXVHGWRFRQGXFWOHDUQLQJDQGLQYHVWLJDWLYHWDVNV
>@7KHUHDUHQXPHURXVH[DPSOHVIURPH[SORULQJUH
VRXUFHV LQ DQHZGRPDLQ OLNH LQ DFDGHPLF UHVHDUFK

&RUUHVSRQGLQJDXWKRU(PDLOPDOWDZLO#MXHGXMR
WDVNV WR EURZVLQJ WKURXJK ODUJH LQIRUPDWLRQ VSDFHV
ZLWKPDQ\ RSWLRQV OLNHH[SORULQJ MRE RSSRUWXQLWLHV
WUDYHODQGDFFRPPRGDWLRQRIIHUVYLGHRVPXVLF2I
WHQWKHXVHUVKDYHQRRUOLPLWHGIDPLOLDULW\ZLWKWKH
VSHFLILFGRPDLQ:KHQXVHUVDUHQRYLFHVWRDGRPDLQ
WKHLU FRJQLWLYH VWUXFWXUHV DERXW WKDW GRPDLQ DUH XQ
OLNHO\WRPDWFKWKHFRPSOH[NQRZOHGJHVWUXFWXUHVRID
GDWDJUDSKWKDWUHSUHVHQWVWKHGRPDLQ7KLVFDQKDYH
DQHJDWLYH LPSDFWRQWKHH[SORUDWLRQH[SHULHQFHDQG
HIIHFWLYHQHVVDVXVHUVPD\EHXQDEOHWRIRUPXODWHDS
SURSULDWH NQRZOHGJH UHWULHYDO TXHULHV XVHUV GR QRW
NQRZZKDWWKH\GRQRWNQRZ>@0RUHRYHUXVHUVFDQ
IDFHDQRYHUZKHOPLQJDPRXQWRIH[SORUDWLRQRSWLRQV
DQG PD\ QRW EH DEOH WR LGHQWLI\ ZKLFK H[SORUDWLRQ
SDWKVDUHPRVWXVHIXOWKLVFDQOHDGWRFRQIXVLRQKLJK
FRJQLWLYHORDGIUXVWUDWLRQDQGIHHOLQJRIEHLQJORVW
7RRYHUFRPHWKHVHFKDOOHQJHVDSSURSULDWHZD\VWR
IDFLOLWDWHXVHUV¶H[SORUDWLRQWKURXJKGDWDJUDSKVDUHUH
TXLUHG 5HVHDUFK RQ H[SORUDWLRQ RI GDWD JUDSKV KDV
FRPH D ORQJ ZD\ IURP LQLWLDO ZRUNV RQ SUHVHQWLQJ
OLQNHG GDWD LQ YLVXDO RU WH[WXDO IRUPV >@ 5HFHQW
VWXGLHV RQ GDWD JUDSK H[SORUDWLRQ KDYH EURXJKW WR
JHWKHU UHVHDUFK IURP UHODWHG DUHDV  6HPDQWLF :HE
SHUVRQDOLVDWLRQ DGDSWLYH K\SHUPHGLD DQG KXPDQ
FRPSXWHULQWHUDFWLRQZLWKWKHDLPRIUHGXFLQJXVHUV¶
FRJQLWLYH ORDGDQG SURYLGLQJ VXSSRUW IRU NQRZOHGJH
H[SORUDWLRQ DQG GLVFRYHU\ >±@ 6HYHUDO DWWHPSWV
KDYHGHYHORSHGVXSSRUWIRUOD\PDQXVHUVLHQRYLFHV
LQ WKH GRPDLQ ([DPSOHV LQFOXGH SHUVRQDOLVLQJ WKH
H[SORUDWLRQ SDWK WDLORUHG WR WKHXVHU¶V LQWHUHVWV >@
SUHVHQWLQJ 5') SDWWHUQV WR JLYH DQ RYHUYLHZ RI WKH
GRPDLQ>@RUSURYLGLQJJUDSKYLVXDOLVDWLRQVWRVXS
SRUWQDYLJDWLRQ>@+RZHYHUH[LVWLQJZRUNRQIDFLO
LWDWLQJXVHUV¶H[SORUDWLRQWKURXJKGDWDJUDSKVKDVDG
GUHVVHGPDLQO\LQYHVWLJDWLYHWDVNVRPLWWLQJLPSRUWDQW
H[SORUDWRU\VHDUFKWDVNVOLQNHGWRVXSSRUWLQJOHDUQLQJ
7KH H[SORUDWLRQ RI D GDWD JUDSK LI SURSHUO\ DV
VLVWHGFDQOHDGWRDQLQFUHDVHLQWKHXVHU¶VNQRZOHGJH
7KLVLVVLPLODUWROHDUQLQJWKURXJKVHDUFKDQHPHUJ
LQJ UHVHDUFK DUHD LQ LQIRUPDWLRQ UHWULHYDO >@
ZKLFK DUJXHV WKDW ³VHDUFKLQJ IRU GDWD RQ WKH :HE
VKRXOGEHFRQVLGHUHGDQDUHDLQLWVRZQULJKWIRUIXWXUH
UHVHDUFKLQWKHFRQWH[WRIVHDUFKDVDOHDUQLQJDFWLYLW\´
>@ ,Q WKH FRQWH[W RI GDWD JUDSKV OHDUQLQJ ZKLOH
VHDUFKLQJH[SORULQJKDVQRWEHHQVWXGLHG7KHFORVHVW
WROHDUQLQJLVUHVHDUFKRQWRROVIRUH[SORUDWLRQRILQ
WHUOLQNHG RSHQHGXFDWLRQDO UHVRXUFHV >@ +RZHYHU
WKLV LVDYHU\VSHFLILFFRQWH[WDQGGRHVQRWFRQVLGHU
WKH JHQHULF FRQWH[W RI OHDUQLQJZKLOH H[SORULQJ GDWD
JUDSKVLQDQ\GRPDLQ7KLVJHQHULFOHDUQLQJFRQWH[WLV
DGGUHVVHGKHUH
7KHZRUNSUHVHQWHGLQWKLVSDSHURSHQVDQHZDYH
QXHWKDWVWXGLHVOHDUQLQJWKURXJKGDWDJUDSKH[SORUD
WLRQ,WDGGUHVVHVDNH\FKDOOHQJHKRZWRVXSSRUWSHR
SOHZKRDUHQRWGRPDLQH[SHUWVWRH[SORUHGDWDJUDSKV
LQ D ZD\ WKDW FDQ OHDG WR H[SDQGLQJ WKHLU GRPDLQ
NQRZOHGJH :H LQYHVWLJDWH KRZ WR EXLOG DXWRPDWHG
ZD\V IRU QDYLJDWLQJ WKURXJK GDWD JUDSKV LQ RUGHU WR
DGG D QHZ YDOXH WR WKH H[SORUDWLRQ ZKLFK ZH FDOO
µNQRZOHGJH XWLOLW\¶  H[SDQGLQJ RQH¶V GRPDLQ
NQRZOHGJHZKLOHH[SORULQJDGDWDJUDSK2XUHDUOLHU

:HIROORZGHILQLWLRQVRIXWLOLW\LHUHGXFLQJXVHUV¶FRJQLWLYHORDG
LQNQRZOHGJHUHWULHYDODQGXVDELOLW\ LHVXSSRUWLQJXVHUV¶VHQVH
PDNLQJDQGLQIRUPDWLRQH[SORUDWLRQDQGGLVFRYHU\>@
ZRUNVKRZHGWKDWZKHQH[SORULQJGDWDJUDSKVLQXQ
IDPLOLDURUSDUWLDOO\IDPLOLDUGRPDLQVXVHUVVHUHQGLS
LWRXVO\OHDUQQHZWKLQJVWKDWWKH\DUHXQDZDUHRI>±
@+RZHYHUQRWDOOH[SORUDWLRQSDWKVFDQEHEHQHIL
FLDO IRU NQRZOHGJH H[SDQVLRQ SDWKV PD\ QRW EULQJ
QHZNQRZOHGJHWRWKHXVHUOHDGLQJWRERUHGRPRUPD\
EULQJWRRPDQ\XQIDPLOLDUWKLQJVVRWKDWWKHXVHUEH
FRPHVFRQIXVHGDQGRYHUZKHOPHG>@
7KHNH\FRQWULEXWLRQRIWKLVSDSHULVDQRYHOFRP
SXWDWLRQDO DSSURDFK IRU JHQHUDWLQJ H[SORUDWLRQ SDWKV
WKDWFDQOHDGWRH[SDQGLQJXVHUV¶GRPDLQNQRZOHGJH
2XU DSSURDFK RSHUDWLRQDOLVHV $XVEHO¶V VXEVXPSWLRQ
WKHRU\IRUPHDQLQJIXOOHDUQLQJ>@ZKLFKSRVWXODWHV
WKDWKXPDQFRJQLWLYHVWUXFWXUHVDUHKLHUDUFKLFDOO\RU
JDQLVHGZLWKUHVSHFWWROHYHOVRIDEVWUDFWLRQJHQHUDO
LW\DQGLQFOXVLYHQHVVRIFRQFHSWVKHQFHIDPLOLDUDQG
LQFOXVLYH HQWLWLHV DUH XVHG DV NQRZOHGJH DQFKRUV WR
VXEVXPHQHZNQRZOHGJH&RQVHTXHQWO\RXUDSSURDFK
WRJHQHUDWHH[SORUDWLRQSDWKVLQFOXGHV
x FRPSXWDWLRQDOPHWKRGVIRULGHQWLI\LQJNQRZOHGJH
DQFKRUVLQDGDWDJUDSK.$'*DQG
x DOJRULWKPVIRUJHQHUDWLQJH[SORUDWLRQSDWKVE\XWL
OLVLQJWKHLGHQWLILHGNQRZOHGJHDQFKRUV
7RILQGSRVVLEOHNQRZOHGJHDQFKRUVLQDGDWDJUDSK
ZH XWLOLVH 5RVFK¶V QRWLRQ RI %DVLF /HYHO 2EMHFWV
%/2 >@$FFRUGLQJ WR WKLVQRWLRQ IDPLOLDU FDWH
JRU\REMHFWVHJWKHPXVLFDOLQVWUXPHQW*XLWDUDUH
DWD OHYHORIDEVWUDFWLRQFDOOHG WKHEDVLF OHYHOZKHUH
WKHFDWHJRU\¶VPHPEHUVHJ)RON*XLWDU&ODV
VLFDO *XLWDU VKDUHDWWULEXWHV HJERWKKDYHD
QHFNDQGDEULGJHWKDWDUHQRWVKDUHGE\PHPEHUVHJ
*UDQG3LDQR8SULJKW3LDQRRIDQRWKHUFDW
HJRU\DWWKHVDPHOHYHORIDEVWUDFWLRQVXFKDV3LDQR
:HKDYHDGDSWHGPHWULFVIURPIRUPDOFRQFHSWDQDO\
VLV IRU GHWHFWLQJ NQRZOHGJH DQFKRUV LQ GDWD JUDSKV
7KH .$'* PHWULFV DUH DSSOLHG RQ DQ H[LVWLQJ GDWD
JUDSKDQGWKHRXWSXWLVHYDOXDWHGDJDLQVWKXPDQ%DVLF
/HYHO2EMHFWV LQD'DWD*UDSK%/2'*GHULYHGYLD
IUHHQDPLQJWDVNV
7RJHQHUDWHH[SORUDWLRQSDWKVZHILUVWLGHQWLI\WKH
FORVHVW NQRZOHGJH DQFKRU WR EH XVHG DV D VWDUWLQJ
SRLQWIURPZKHUHZHXVHVXEVXPSWLRQWRILQGDVHWRI
WUDQVLWLRQQDUUDWLYHVWRIRUPDSDWKWKDWFDQH[SDQGWKH
XVHU¶VNQRZOHGJH7KHHIIHFWLYHQHVVRIRXUQRYHOH[
SORUDWLRQDSSURDFKLVHYDOXDWHGLQDVWXG\ZLWKD6H
PDQWLFGDWDEURZVHULQWKH0XVLFGRPDLQ6XEVXPS
WLRQEDVHGH[SORUDWLRQSDWKVDUHFRPSDUHGWRIUHHGDWD
JUDSKH[SORUDWLRQ7KH UHVXOWV VKRZ WKDWZKHQXVHUV
KDYHIROORZHGWKHVXJJHVWHGH[SORUDWLRQSDWKVWKHLQ
FUHDVHRIWKHLUNQRZOHGJHZDVVLJQLILFDQWO\KLJKHUDQG
WKHXVDELOLW\ZDVEHWWHU
7KHSDSHULV VWUXFWXUHGDV IROORZV6HFWLRQSRVL
WLRQV WKHZRUNLQWKHUHOHYDQW OLWHUDWXUHDQGSUHVHQWV
UHOHYDQWWKHRULHV6HFWLRQSUHVHQWVH[SHULPHQWDODQG
WKHRUHWLFDOIRXQGDWLRQVLQFOXGLQJWKHDSSOLFDWLRQFRQ
WH[WIRUDOJRULWKPYDOLGDWLRQDQGWKHWKHRUHWLFDOXQGHU
SLQQLQJ 6HFWLRQ  SURYLGHV SUHOLPLQDULHV ZLWK NH\
GHILQLWLRQVIROORZHGE\DIRUPDOGHVFULSWLRQRIPHW
ULFVIRULGHQWLI\LQJ.$'*6HFWLRQ6HFWLRQVGH
VFULEHV DQ H[SHULPHQWDO VWXG\ WR YDOLGDWH WKH .$'*
PHWULFVDJDLQVWKXPDQ%/2'*6HFWLRQGHVFULEHVD
VXEVXPSWLRQ DOJRULWKP IRU JHQHUDWLQJ H[SORUDWLRQ
SDWKV IRU NQRZOHGJH H[SDQVLRQ WKHQ 6HFWLRQ  SUH
VHQWVDWDVNGULYHQXVHUVWXG\WRHYDOXDWHWKHJHQHUDWHG
SDWKVDJDLQVWIUHHH[SORUDWLRQ6HFWLRQGLVFXVVHVWKH
ILQGLQJVDQG6HFWLRQFRQFOXGHVWKHSDSHU
5HODWHG:RUN
:HZLOOUHYLHZUHOHYDQWUHVHDUFKRQGDWDJUDSKH[
SORUDWLRQWRMXVWLI\WKHPDLQFRQWULEXWLRQVRIRXUZRUN
DQGZLOOFRPSDUHWRH[LVWLQJDSSURDFKHVIRULGHQWLI\
LQJNH\HQWLWLHVDQGJHQHUDWLQJSDWKV LQGDWDJUDSKV
6LQFHRXUZRUNLQYROYHVVHYHUDOHYDOXDWLRQVWHSVZH
UHYLHZUHOHYDQWHYDOXDWLRQDSSURDFKHV
([SORUDWLRQWKURXJK'DWD*UDSKV
6HPDQWLFGDWD H[SORUDWLRQ DSSURDFKHV DUHGLYLGHG
LQWRWZREURDGFDWHJRULHVLYLVXDOLVDWLRQDSSURDFKHV
>±@ DQG LL WH[WEDVHG VHPDQWLF GDWD EURZVHUV
>±@9LVXDOLVDWLRQSURYLGHVDQLPSRUWDQWWRROIRU
H[SORUDWLRQ WKDW OHYHUDJHV WKHKXPDQSHUFHSWLRQDQG
DQDO\WLFDO DELOLWLHV WR RIIHU H[SORUDWLRQ WUDMHFWRULHV
7KHVHDSSURDFKHV LQDGGLWLRQWR LQWXLWLYHQHVVIRFXV
RQWKHQHHGIRUPDQDJLQJWKHGLPHQVLRQVLQVHPDQWLF
GDWDUHSUHVHQWHGDVSURSHUWLHVVLPLODULW\DQGUHODWHG
QHVVRIFRQFHSWV7KHWH[WEDVHGEURZVHUDSSURDFKHV
RSHUDWHRQVHPDQWLFDOO\DXJPHQWHGGDWDHJ WDJJHG
FRQWHQWZLWKOD\RXWEURZVLQJWUDMHFWRULHVXVLQJUHOD
WLRQVKLSV LQ WKH XQGHUSLQQLQJ RQWRORJLHV 7KHVH DS
SURDFKHV DGRSW WHFKQLTXHV IURP OHDUQLQJ KXPDQ
FRPSXWHU LQWHUDFWLRQ DQG SHUVRQDOLVDWLRQ WR HQKDQFH
WKHGDWDH[SORUDWLRQH[SHULHQFHRIXVHUV
9LVXDOLVDWLRQ$SSURDFKHVIRU'DWD*UDSK
([SORUDWLRQ
$VWDWHRIWKHDUWUHYLHZRIDSSURDFKHVWKDWKDUQHVV
YLVXDOLVDWLRQIRUH[SORUDWRU\GLVFRYHU\DQGDQDO\VLVRI
OLQNHGGDWDJUDSKVLVSUHVHQWHGLQ>@6KHLGHUPDQ¶V
VHPLQDOZRUNRQYLVXDOLQIRUPDWLRQVHHNLQJRYHUYLHZ
ILUVW]RRPDQGILOWHUWKHQGHWDLOVRQGHPDQG>@LV
XVHGWRHYDOXDWHWKHXVDELOLW\DQGXWLOLW\RI WKHVHDS
SURDFKHV DQG IRFXVHV RQ L KRZ ZHOO WKHVH DS
SURDFKHVJHQHUDWHVXPPDU\RIGDWDLLKRZZHOOWKH\
IRFXVRQILQGLQJUHOHYDQWDQGLPSRUWDQWGDWDDQGLLL
ZKDWYLVXDOLVDWLRQWHFKQLTXHVDUHXVHG,Q>@WKHDX
WKRUVXWLOLVHDFDUWRJUDSKLFPHWDSKRUDQGYLVXDOLQIRU
PDWLRQ VHHNLQJ SULQFLSOHV WR RIIHU RYHUYLHZ RI GDWD
EDVHGRQLQVWDQFHW\SHVDQGWKHQDXWRPDWLFDOO\JHQ
HUDWLQJ63$54/TXHULHVEDVHGRQVHDUFKDQGLQWHUDF
WLRQZLWKDPDS7KHIRFXVRIWKHLUZRUNLVWKHHQWU\
SRLQWRIWKHYDVWGDWDJUDSKWKHXVHUVKDYHWRH[SORUH
7KHUH DUH QXPHURXV DSSURDFKHV WR VXSSRUW YLVXDO
63$54/TXHU\FRQVWUXFWLRQDQGPDQ\RIWKHVHZRUNV
>±@ KDYH VLPLODU WDUJHW DXGLHQFH LH D OD\PDQ
XVHU ZKR LV XQIDPLOLDU ZLWK WKH GRPDLQ RI WKH GDWD
JUDSK 7KHVH ZRUNV XVH YLVXDOLVDWLRQ WHFKQLTXHV WR
KHOSOD\PDQXVHUVWREURZVHWKURXJKODUJHGDWDJUDSKV
)RUH[DPSOHWKHZRUNLQ>@LQWURGXFHGDJUDSKLFDO
LQWHUIDFH IRU VHPDQWLF TXHU\ FRQVWUXFWLRQ ZKLFK LV
EDVHGRQWKHVSHFLILFDWLRQRI63$54/TXHU\ODQJXDJH
7KHLQWHUIDFHDOORZVXVHUVWRFUHDWH63$54/TXHULHV
XVLQJDVHWRIJUDSKLFDOQRWDWLRQVDQGHGLWLQJDFWLRQV
7KH VWDWHRIWKHDUW LQ DSSURDFKHV WR VXSSRUW YLVXDO
63$54/TXHU\FRQVWUXFWLRQLVSUHVHQWHGLQ>@7KH
IRFXVRIWKHVHZRUNVLVLQVXSSRUWLQJOD\PDQXVHUVWR
SHUIRUPH[SORUDWRU\TXHU\LQJRI5')JUDSKVLQVSDFH
DQGWLPHZKLFKWKHPHVZLWKLQWHUDFWLYHYLVXDOTXHU\
FRQVWUXFWLRQ PHWKRGV7KHDXWKRUVSUHVHQWDQXPEHU
RI GHVLJQ SULQFLSOHV WR FRXQWHU WKH FKDOOHQJHV DQG
HYDOXDWHWKHPLQDXVDELOLW\VWXG\RQILQGLQJPDSVLQ
DKLVWRULFDO PDS UHSRVLWRU\ >@ $OWKRXJK WKHVH DS
SURDFKHVKLGHWKHFRPSOH[LW\RIJUDSKWHUPLQRORJLHV
WKH\SULPDULO\IRFXVRQKHOSLQJOD\PDQXVHUVWRJHQ
HUDWH 63$54/ TXHULHV LQVWHDG RI IRFXVLQJ RQ WKH
SURSHUWLHVRIGDWDJUDSKVWRJXLGHXVHUV¶H[SORUDWLRQ
>@SUHVHQWVZRUNWRPDQLSXODWHGDWDJUDSKSURSHUWLHV
WRJXLGHH[SORUDWLRQE\KHOSLQJXVHUVWRIRFXVRQWKH
PRVWLPSRUWDQWELWRILQIRUPDWLRQDERXWDQHQWLW\ILUVW
DQG WKHQ H[SORUH RWKHU UHODWHG LQIRUPDWLRQ 7KH DS
SURDFK XWLOLVHV HQF\FORSDHGLF NQRZOHGJH SDWWHUQV DV
UHOHYDQFHFULWHULDIRUVHOHFWLQJRUJDQLVLQJDQGYLVXDO
LVLQJNQRZOHGJH7KHSDWWHUQVDUHGLVFRYHUHGE\PLQ
LQJWKHOLQNVWUXFWXUHRI:LNLSHGLDWREXLOGHQWLW\FHQ
WULFVXPPDULHVWKDWFDQEHH[SORLWHGWRKHOSXVHUVLQ
H[SORUDWRU\ VHDUFK WDVNV +RZHYHU WKLV DSSURDFK LV
IHDVLEOHLQPXOWLNQRZOHGJHGRPDLQVWKDWDUHEXLOWE\
KXPDQV HJ:LNLSHGLDDQGPD\QRWEH IHDVLEOH LQ
VSHFLILF GRPDLQV ZLWK FRPSOH[ VWUXFWXUHV $OVR WKH
DSSURDFKFRQVLGHUVRQHOHYHOEHORZWKHURRWDQGGRHV
QRWFRYHUHQWLWLHVDWGLIIHUHQWDEVWUDFWLRQOHYHOV
7KHVHYLVXDOL]DWLRQHIIRUWVDUHJHDUHGWRZDUGVKHOS
LQJOD\PDQXVHUVWRH[SORUHFRPSOH[JUDSKVWUXFWXUHV
E\ KLGLQJ WKH FRPSOH[LW\ RI VHPDQWLF WHUPLQRORJ\
+RZHYHU WKH HIIHFWLYHQHVV RI DQ\ YLVXDOL]DWLRQ GH
SHQGVRQWKHXVHU¶VDELOLW\WRPDNHVHQVHRIWKHJUDSK
LFDOUHSUHVHQWDWLRQZKLFKLQPDQ\FDVHVFDQEHUDWKHU
FRPSOH[8VHUVZKRDUHQHZWRWKHGRPDLQPD\VWUXJ
JOH WR JUDVS WKH FRPSOH[LW\ RI WKH NQRZOHGJH SUH
VHQWHGLQWKHYLVXDOLVDWLRQ2XUDSSURDFKWRDXWRPDWL
FDOO\LGHQWLI\HQWLWLHVWKDWDUHFORVHWRWKHKXPDQFRJ
QLWLYHVWUXFWXUHVFDQEHXVHGDVFRPSOHPHQWDU\WRYLV
XDOLVDWLRQ DSSURDFKHV WR VLPSOLI\ WKH GDWD JUDSK E\
SRLQWLQJDWHQWLWLHVWKDWOD\PDQXVHUVFDQEHIDPLOLDU
ZLWK7KHSULPHIRFXVRIRXUDSSURDFKLVSURYLGLQJH[
SORUDWLRQSDWKVWRDXJPHQWXVHUV¶LQWHUDFWLRQLQWH[W
EDVHGGDWDEURZVHUVE\ZKLFKDUHUHYLHZHGQH[W
7H[WEDVHG6HPDQWLF'DWD%URZVHUV
7ZRW\SHVRIVHPDQWLFGDWDEURZVHUVKDGHPHUJHG
VLQFH WKH HDUO\ GD\V± L SLYRWLQJ RU VHWRULHQWHG
EURZVLQJEURZVHUVDQGLLPXOWLSLYRWLQJEURZVHUV
,QDSLYRWLQJEURZVHUDPDQ\WRPDQ\JUDSKEURZV
LQJWHFKQLTXHLVXVHGWRKHOSDXVHUQDYLJDWHIURPDVHW
RILQVWDQFHVLQWKHJUDSKWKURXJKFRPPRQOLQNV>@
([SORUDWLRQLVRIWHQUHVWULFWHGWRDVLQJOHVWDUWLQJSRLQW
DQGXVHVµDUHVRXUFHDWDWLPH¶WRQDYLJDWHDQ\ZKHUH
LQ WKHGDWDJUDSK >@ 7KLV IRUPRIEURZVLQJ LV UH
IHUUHG WR DV XQLIRFDO EURZVLQJ $QRWKHU W\SH RI
EURZVLQJLVPXOWLSLYRWLQJZKHUHWKHXVHUVWDUWVIURP
PXOWLSOHSRLQWVRILQWHUHVWHJ>@>@>@>@
$QRWHZRUWK\YDULDWLRQRIWKHSLYRWLQJDSSURDFKLV
WKHXVHRIIDFHWVIRUWH[WEDVHGGDWDEURZVLQJRIOLQNHG
GDWDVHWV )DFHWHG EURZVLQJ LV WKH PDLQ DSSURDFK IRU
H[SORUDWRU\ VHDUFK LQ PDQ\ DSSOLFDWLRQV 7KH DS
SURDFKHPSOR\VFODVVLILFDWLRQDQGSURSHUWLHVIHDWXUHV
IURPOLQNHGGDWDVHWVDVDPHDQWRRIIHUIDFHWVDQGFRQ
WH[W RI H[SORUDWLRQ )DFHW *UDSKV >@ J)DFHW >@
DQGW)DFHW>@DUHHDUO\HIIRUWVLQWKLVDUHD0RUHUH
FHQWDWWHPSWVLQFOXGH5KL]RPHU>@ZKLFKFRPELQHV
QDYLJDWLRQPHQXVDQGPDSVWRSURYLGHIOH[LEOHH[SOR
UDWLRQEHWZHHQGLIIHUHQWFODVVHV)DFHWH>@DYLVXDO
L]DWLRQEDVHGH[SORUDWLRQ WRRO WKDW RIIHUV IDFHWHG ILO
WHULQJIXQFWLRQDOLWLHV+LSSDOXV>@ZKLFKDOORZVXV
HUV WR UDQN WKH IDFHWVDFFRUGLQJ WR WKHLUSUHIHUHQFHV
9R\DJHU >@ ZKLFK FRXSOHV IDFHWHG EURZVLQJ ZLWK
YLVXDOL]DWLRQUHFRPPHQGDWLRQWRVXSSRUWXVHUVH[SOR
UDWLRQ DQG 6\QRSV9L] >@ ZKLFK SURYLGHV IDFHWHG
EURZVLQJDQGILOWHULQJ5')RYHUFODVVHVDQGSURSHU
WLHV $OWKRXJK WKHVH DSSURDFKHV SURYLGH VXSSRUW IRU
XVHUH[SORUDWLRQOD\PDQXVHUVZKRDUHSHUIRUPLQJH[
SORUDWRU\ VHDUFK WDVNV WR OHDUQ RU LQYHVWLJDWH D QHZ
WRSLFFDQEHFRJQLWLYHO\RYHUORDGHGHVSHFLDOO\ZKHQ
WKH IDFHWV SURYLGH PDQ\ RSWLRQV LHPXOWLSOH OLQNV
IRUWKHXVHUVWRH[SORUH7KHDXWKRUVLQ>@SURSRVHG
6YLHZ D EURZVHU WKDW XWLOLVHV D OLQN SDWWHUQEDVHG
PHFKDQLVPIRUHQWLW\FHQWULFH[SORUDWLRQRYHU/LQNHG
'DWD/LQNSDWWHUQVGHVFULEHH[SOLFLWDQGLPSOLFLWUHOD
WLRQVKLSVEHWZHHQHQWLWLHVDQGDUHXVHG WRFDWHJRULVH
OLQNHGHQWLWLHV$OLQNSDWWHUQKLHUDUFK\LVFRQVWUXFWHG
XVLQJ )RUPDO &RQFHSW $QDO\VLV )&$ DQG WKUHH
PHDVXUHVDUHXVHGWRVHOHFWWKHWRSNSDWWHUQVIURPWKH
KLHUDUFK\ 7KH DSSURDFK GRHV QRW FRQVLGHU WKH XVHU
SHUVSHFWLYHZKHQLGHQWLI\LQJOLQNSDWWHUQVWRVXSSRUW
H[SORUDWRU\VHDUFKZKLFKZRXOGPDNHEURZVLQJFKDO
OHQJLQJHVSHFLDOO\LQXQIDPLOLDUGRPDLQV
3HUVRQDOLVDWLRQDSSURDFKHVFRQVLGHUWKHXVHU¶VSUR
ILOHDQGLQWHUHVWVWRDGDSWWKHH[SORUDWLRQWRWKHXVHU¶V
QHHGV$QDSSURDFKWKDWH[SOLFLWO\WDUJHWVSHUVRQDOLVD
WLRQLQVHPDQWLFGDWDH[SORUDWLRQXVLQJXVHUV¶LQWHUHVWV
LV SUHVHQWHG LQ >@ 5HFHQW DSSURDFKHV DLP WR LP
SURYH VHDUFK HIILFLHQF\ RYHU/LQNHG'DWD JUDSKVE\
FRQVLGHULQJXVHULQWHUHVWV>@RUWRGLYHUVLI\WKHXVHU
H[SORUDWLRQSDWKVZLWKUHFRPPHQGDWLRQVEDVHGRQWKH
EURZVLQJKLVWRU\>@$PHWKRGIRUSHUVRQDOLVHGDF
FHVVWR/LQNHG'DWDKDVEHHQVXJJHVWHGLQ>@EDVHG
RQFROODERUDWLYHILOWHULQJWKDWHVWLPDWHVWKHVLPLODULW\
EHWZHHQ XVHUV DQG SURGXFHV UHVRXUFH UHFRPPHQGD
WLRQV IURP XVHUV ZLWK VLPLODU WDVWHV $ JUDSKEDVHG
UHFRPPHQGDWLRQ PHWKRGRORJ\ EDVHG RQ D SHUVRQDO
LVHG3DJH5DQNDOJRULWKPKDVEHHQSURSRVHG LQ>@
7KHDSSURDFKLQ>@DOORZVWKHXVHUWRUDWHVHPDQWLF
DVVRFLDWLRQV UHSUHVHQWHG DV FKDLQV RI UHODWLRQV WR UH
YHDO LQWHUHVWLQJ DQG XQNQRZQ FRQQHFWLRQV EHWZHHQ
HQWLWLHVIRUSHUVRQDOLVHGUHFRPPHQGDWLRQV
7KHDERYHDSSURDFKHVVWUHVVWKHLPSRUWDQFHRIWDL
ORULQJWKHH[SORUDWLRQWRXVHUV1RQHRIWKHPLQYHVWL
JDWHVXVHUV¶IDPLOLDULW\ZLWKWKHGRPDLQZKLFKLVWKH
PDLQIRFXVRIWKHDSSURDFKZHSUHVHQWKHUHZKHUHID
PLOLDULW\ LV UHODWHG WR GRPDLQ XQGHUVWDQGLQJ DQG
NQRZOHGJH H[SDQVLRQ 0RUHRYHU FRQYHQWLRQDO SHU
VRQDOLVDWLRQ DSSURDFKHV VXIIHU IURP WKH µFROG VWDUW¶
SUREOHP±IRUDUHOLDEOHXVHUPRGHOWREHREWDLQHGWKH
XVHUVKDYHWRVSHQGWLPHLQWHUDFWLQJZLWKWKHV\VWHPWR
SURYLGHVXIILFLHQWLQIRUPDWLRQDERXWWKHLULQWHUHVWV,Q
VWHDGZHH[SORLWWKHVWUXFWXUHRIDGDWDJUDSKWRLGHQ
WLI\HQWLWLHVWKDWDUHOLNHO\WREHIDPLOLDUWRWKHXVHUV
ZKLFKRYHUFRPHVWKHFROGVWDUWSUREOHP6WULFWO\FRQ
VLGHUHG RXU DSSURDFK LV QRW SHUVRQDOLVDWLRQ EHFDXVH
ZHGRQRWG\QDPLFDOO\DGDSWWRWKHXVHU¶VNQRZOHGJH
DVLWH[SDQGVZKLOHWKHXVHUEURZVHVWKURXJKWKHGDWD
JUDSK+RZHYHUNQRZOHGJHDQFKRUVDUHDZD\WRDS
SUR[LPDWHZKDWHQWLWLHVLQDGRPDLQFDQEHIDPLOLDUWR
WKHXVHUVDQGDUHXVHGIRUJHQHUDWLQJQDYLJDWLRQSDWKV
,GHQWLI\LQJ.H\(QWLWLHVLQ'DWD*UDSKV
7KHPRVWUHFHQWVWDWLVWLFVVKRZWKDWWKHUHDUH
LQWHUOLQNHG KHWHURJHQHRXV GDWDVHWV FRQWDLQLQJ DS
SUR[LPDWHO\ELOOLRQIDFWV7KHYROXPHDQGKHWHUR
JHQHLW\RIVXFKGDWDVHWVPDNHVWKHLUSURFHVVLQJIRUWKH
SXUSRVHRIH[SORUDWLRQDGDXQWLQJFKDOOHQJH8WLOLVD
WLRQRIYDULRXVFRPSXWDWLRQDOPRGHOVPDNHVLWSRVVL
EOH WRKDQGOH WKLVFKDOOHQJH LQRUGHU WRRIIHUIUXLWIXO
H[SORUDWLRQRIVHPDQWLFGDWD)LQGLQJNH\HQWLWLHVLQD
GDWD JUDSK LV DQ LPSRUWDQW DVSHFW RI VXFK FRPSXWD
WLRQDOPRGHOVDQGLVJHQHUDOO\LPSOHPHQWHGXVLQJRQ
WRORJ\VXPPDUL]DWLRQ>@DQG)RUPDO&RQFHSW$QDO
\VLV)&$>@WHFKQLTXHV
2QWRORJ\ VXPPDULVDWLRQ KDV EHHQ VHHQ DV DQ LP
SRUWDQW PHWKRG WR KHOS RQWRORJ\ HQJLQHHUV WR PDNH
VHQVHRIDQRQWRORJ\LQRUGHUWRXQGHUVWDQGUHXVHDQG
EXLOGQHZRQWRORJLHV>@6XPPDULVLQJDQRQ
WRORJ\LQYROYHVLGHQWLI\LQJWKHNH\FRQFHSWVLQDQRQ
WRORJ\>@$QRQWRORJ\VXPPDU\VKRXOGEHFRQFLVH
\HW LW QHHGV WRFRQYH\HQRXJKLQIRUPDWLRQ WRHQDEOH
RQWRORJ\XQGHUVWDQGLQJDQGWRSURYLGHVXIILFLHQWFRY
HUDJHRIWKHHQWLUHRQWRORJ\>@&HQWUDOLW\PHDVXUHV
KDYHEHHQ XVHG LQ >@ WR LGHQWLI\NH\FRQFHSWV DQG
SURGXFH 5') VXPPDULHV 7KH QRWLRQ RI UHOHYDQFH
EDVHGRQWKHUHODWLYHFDUGLQDOLW\DQGWKHLQRXWGHJUHH
FHQWUDOLW\RIDQRGHKDVEHHQXVHGLQ>@WRSURGXFH
JUDSKVXPPDULHV7KHDSSURDFKSUHVHQWHGLQ>@H[
SORLWVWKHVWUXFWXUHDQGWKHVHPDQWLFUHODWLRQVKLSVRID
GDWDJUDSKWRLGHQWLI\WKHPRVWLPSRUWDQWHQWLWLHVXVLQJ
WKHQRWLRQRIUHOHYDQFHZKLFKLVEDVHGRQUHODWLYHFDU
GLQDOLW\LHMXGJLQJWKHLPSRUWDQFHRIDQHQWLW\IURP
WKHLQVWDQFHVLWFRQWDLQVDQGWKHLQRXWGHJUHHFHQWUDO
LW\LHWKHQXPEHUDQGW\SHRIWKHLQFRPLQJDQGRXW
JRLQJHGJHVRIDQHQWLW\
7KH FORVHVW RQWRORJ\ VXPPDULVDWLRQ DSSURDFK WR
WKHFRQWH[WRIRXUZRUNGHDOVZLWKH[WUDFWLQJNH\FRQ
FHSWVLQDQRQWRORJ\>@,WKLJKOLJKWVWKHYDOXHRI
FRJQLWLYH QDWXUDO FDWHJRULHV IRU LGHQWLI\LQJ NH\ FRQ
FHSWV WR DLG RQWRORJ\ HQJLQHHUV WR EHWWHU XQGHUVWDQG
WKHRQWRORJ\DQGTXLFNO\MXGJHWKHVXLWDELOLW\RIDQRQ
WRORJ\ LQ D NQRZOHGJH HQJLQHHULQJ SURMHFW 7KH DX
WKRUVDSSOLHVDQDPHVLPSOLFLW\DSSURDFKZKLFKLVLQ
VSLUHGE\WKHFRJQLWLYHVFLHQFHQRWLRQRI%DVLF/HYHO
2EMHFWV %/2 >@ DV D ZD\ WR ILOWHU HQWLWLHV ZLWK
OHQJWK\ODEHOVIRUWKHRQWRORJ\VXPPDU\7KHZRUNLQ
>@KDVXWLOLVHG%/2WRH[WUDFWRQWRORJLHVIURPFRO
ODERUDWLYHWDJV$PHWULFEDVHGRQWKHFDWHJRU\XWLOLW\
LVSURSRVHGWRLGHQWLI\EDVLFFRQFHSWVIURPFROODERUD
WLYHWDJVZKHUHWDJVRIDFRQFHSWDUHLQKHULWHGE\LWV

KWWSVWDWVORGHX
VXEFRQFHSWVDQGDFRQFHSWKDVDOOLQVWDQFHVRILWVGH
VFHQGDQWV +RZHYHU WKHVH DSSURDFKHV IRFXV RQ WKH
H[SHULPHQWDOVLGHDQGGRQRWDGRSWWKHIRUPDOGHILQL
WLRQVRI%/2DQGFXHYDOLGLW\GHVFULEHGLQ>@LQ
WKHFRQWH[WRIDGDWDJUDSK2XUZRUNRSHUDWLRQDOLVHV
WKHVHIRUPDOGHILQLWLRQVE\GHYHORSLQJVHYHUDOPHWULFV
IRULGHQWLI\LQJNQRZOHGJHDQFKRUVLQDGDWDJUDSK
)RUPDO &RQFHSW $QDO\VLV )&$ LV D PHWKRG IRU
DQDO\VLVRIREMHFWDWWULEXWHGDWDWDEOHV>@ZKHUHGDWD
LVUHSUHVHQWHGDVDWDEOHGHVFULELQJREMHFWVLHWD[R
QRPLFDO FRQFHSWV DWWULEXWHV DQG WKHLU UHODWLRQVKLSV
)&$ KDV EHHQ DSSOLHG LQ GLIIHUHQW DSSOLFDWLRQ DUHDV
>@VXFKDV:HEPLQLQJDQGRQWRORJ\HQJLQHHULQJ
,Q:HEPLQLQJ)&$EDVHGDSSURDFKHVKDYHEHHQXVHG
WR LPSURYH WKHTXDOLW\RI VHDUFK UHVXOWVSUHVHQWHG WR
WKHHQGXVHUV)RUH[DPSOHWKHZRUNLQ>@KDVGH
YHORSHGDSHUVRQDOLVHGGRPDLQVSHFLILFVHDUFKV\VWHP
WKDWXVHVORJVRINH\ZRUGVDQG:HESDJHVSUHYLRXVO\
HQWHUHGDQGYLVLWHGE\RWKHUSHUVRQVWREXLOGDFRQFHSW
ODWWLFH0RUHUHFHQWO\)&$KDVEHHQDSSOLHGWRFRQ
VWUXFW D OLQN SDWWHUQ KLHUDUFK\ WR RUJDQLVH VHPDQWLF
OLQNVEHWZHHQHQWLWLHVLQDGDWDJUDSK>@,QRQWRORJ\
HQJLQHHULQJ)&$KDVEHHQXVHGLQWZRWRSLFVRQWRO
RJ\FRQVWUXFWLRQDQGRQWRORJ\UHILQHPHQW7KHZRUN
LQ>@XVHV)&$WRFRQVWUXFWDGKRFRQWRORJLHVWRKHOS
WKHXVHUWREHWWHUXQGHUVWDQGWKHUHVHDUFKGRPDLQ,Q
>@WKHDXWKRUVSUHVHQW2QWR&RPSDQDSSURDFKIRU
VXSSRUWLQJ RQWRORJ\ HQJLQHHUV WR FKHFN ZKHWKHU DQ
2:/RQWRORJ\FRYHUV DOO UHOHYDQWFRQFHSWV LQDGR
PDLQDQGVXSSRUWVWKHHQJLQHHUVWRUHILQHH[WHQGWKH
RQWRORJ\ ZLWK PLVVLQJ FRQFHSWV 7KH SV\FKRORJLFDO
DSSURDFKHVWREDVLFOHYHOFRQFHSWVKDYHEHHQIRUPDOO\
GHILQHG IRU VHOHFWLQJ LPSRUWDQW IRUPDO FRQFHSWV LQ D
FRQFHSWODWWLFHE\FRQVLGHULQJWKHFRKHVLRQRIDIRUPDO
FRQFHSW >@7KLVPHDVXUHV WKH SDLUZLVH VLPLODULW\
EHWZHHQ WKHFRQFHSW¶VREMHFWVEDVHGRQFRPPRQDW
WULEXWHV0RUHUHFHQWO\WKHZRUNLQ>@KDVUHYLHZHG
DQG IRUPDOLVHG WKH PDLQ H[LVWLQJ SV\FKRORJLFDO DS
SURDFKHV WREDVLF OHYHOFRQFHSWV)LYHDSSURDFKHVWR
EDVLF OHYHO REMHFWV KDYH EHHQ IRUPDOLVHG ZLWK )&$
>@7KHDSSURDFKHVXWLOLVHWKHYDOLGLW\RIIRUPDOFRQ
FHSWVWRSURGXFHLQIRUPDWLYHFRQFHSWVFDSDEOHRIUH
GXFLQJ WKH XVHU¶V RYHUORDG IURP D ODUJH QXPEHU RI
FRQFHSWVVXSSOLHGWRWKHXVHU
([LVWLQJ VWXGLHV LQ RQWRORJ\ VXPPDULVDWLRQ DQG
)&$XWLOLVH%/2WRLGHQWLI\NH\FRQFHSWVLQDQRQWRO
RJ\LQRUGHUWRKHOSH[SHUWVWRH[DPLQHRUUHHQJLQHHU
WKHRQWRORJ\7KH\KDYHEHHQHYDOXDWHGZLWKGRPDLQ
H[SHUWV DQG DUH DSSOLFDEOH LQ WDVNV ZKHUH WKH XVHUV
KDYHDJRRGXQGHUVWDQGLQJRIWKHGRPDLQ,QFRQWUDVW
ZHDSSO\WKHQRWLRQRI%/2LQDGDWDJUDSKWRLGHQWLI\
FRQFHSWVZKLFKDUHOLNHO\WREHIDPLOLDUWRXVHUVZKR
DUHQRWGRPDLQH[SHUWV)RFXVLQJRQOD\PDQXVHUVZH
SURYLGHXQLTXHFRQWULEXWLRQWKDWDGRSWV5RVFK¶VVHP
LQDOFRJQLWLYHVFLHQFHZRUN>@WRGHYLVHDOJRULWKPV
WKDWLGHQWLI\L.$'*WKDWUHSUHVHQWIDPLOLDUJUDSKHQ
WLWLHVDQGLL%/2'*ZKLFKFRUUHVSRQGWRKXPDQFRJ
QLWLYHVWUXFWXUHVRYHUDGDWDJUDSK&UXFLDOO\WKHVHDO
JRULWKPVDUHYDOLGDWHGZLWKOD\PDQXVHUVZKRDUHQRW
GRPDLQH[SHUWV
*HQHUDWLQJ3DWKVLQ'DWD*UDSKV
,QGDWDJUDSKVWKHQRWLRQRISDWKTXHULHVXVHVUHJ
XODU H[SUHVVLRQV WR LQGLFDWH VWDUW DQG HQG HQWLWLHV RI
SDWKVLQGDWDJUDSKV>@)RUH[DPSOHLQDJHRJUDSK
LFDO JUDSK GDWDEDVH UHSUHVHQWLQJ QHLJKERUKRRGV LH
SODFHV DV HQWLWLHV DQG WUDQVSRUW IDFLOLWLHV HJ %XV
7UDPDVHGJHVWKHXVHUZULWHVDVLPSOHTXHU\VXFKDV
³,QHHGWRJRIURP3ODFHDWR3ODFHE´DQGWKHXVHULV
WKHQSURYLGHGZLWKGLIIHUHQW WUDQVSRUWDWLRQVIDFLOLWLHV
JRLQJ WKURXJK GLIIHUHQW URXWHV SDWKV VWDUWLQJ IURP
3ODFHDWRUHDFKWKHGHVWLQDWLRQ3ODFHE>@$QRWKHU
XVHGQRWLRQLVSURSHUW\SDWKVZKLFKVSHFLI\WKHSRVVL
EOHURXWHVEHWZHHQWZRHQWLWLHVLQDGDWDJUDSK3URS
HUW\SDWKVDUHXVHGWRFDSWXUHDVVRFLDWLRQVEHWZHHQHQ
WLWLHVLQGDWDJUDSKVZKHUHDQDVVRFLDWLRQIURPHQWLW\
D WRHQWLW\E FRPSULVHV HQWLW\ ODEHOVDQGHGJHV >@
+RZHYHULQGDWDJUDSKVWKHUHDUHXVXDOO\KLJKQXP
EHUVRIDVVRFLDWLRQVLHSRVVLEOHSURSHUW\SDWKVEH
WZHHQWKHHQWLWLHVDQGZD\VWRUHILQHDQGILOWHUWKHSRV
VLEOHSDWKVDUHUHTXLUHG7RWDFNOHWKLVFKDOOHQJHWKH
ZRUNLQ>@SUHVHQWHG([SODVVIRUUHFRPPHQGLQJSDW
WHUQV LHSDWKVEHWZHHQHQWLWLHV LQ DGDWD JUDSK$
SDWWHUQUHSUHVHQWVDVHTXHQFHRIFODVVHVDQGUHODWLRQ
VKLSVHGJHV([SODVVXVHVIUHTXHQF\RIDSDWWHUQWR
UHIOHFWLWVUHOHYDQFHWRWKHTXHU\,WDOVRXVHVLQIRUPD
WLYHQHVVRIFODVVHVDQGUHODWLRQVKLSVLQWKHSDWWHUQWR
LQGLFDWH LWV LQIRUPDWLYHQHVV E\ DGGLQJ WKH LQIRUPD
WLYHQHVV RI DOO FODVVHV DQG UHODWLRQVKLSV 5HOILQGHU
>@SURYLGHVDQDSSURDFKIRUKHOSLQJXVHUVWRJHWDQ
RYHUYLHZRIKRZWZRHQWLWLHVDUHDVVRFLDWHG WRJHWKHU
E\VKRZLQJDOOSRVVLEOHSDWKVEHWZHHQWKHVHHQWLWLHVLQ
WKH GDWD JUDSK 'LVFRYHU\ +XE >@ LV DQRWKHU DS
SURDFK WKDW R*?HUV IDFHWHGEURZVLQJ DQGPXOWLSOH UH
VXOWVH[SODQDWLRQVIHDWXUHV WRGULYHWKHXVHULQXQH[
SHFWHG EURZVLQJ SDWKV 7KH ZRUN LQ >@ SUHVHQWV D
OLQNHG GDWD EDVHG H[SORUDWRU\ VHDUFK IHDWXUH IRU UH
WULHYLQJ WRSLF VXJJHVWLRQV EDVHG RQ WKH XVHU¶V TXHU\
DQGDVHWRIKHXULVWLFVVXFKDVIUHTXHQF\RIHQWLWLHV
HYHQWVDQGSODFHV7KHQRWLRQVRINQRZOHGJHSDWWHUQV

KWWSZVQMXHGXFQH[SODVV
DQGW\SHSURSHUW\SDWKVKDYHEHHQXVHGLQ>@WRVXS
SRUWTXHU\LQJ5')GDWDVHWV&HQWUDOW\SHVDQGSURSHU
WLHVLQSDWKVDUHH[WUDFWHGEDVHGRQWKHLUFHQWUDOLW\LQ
WKH5')JUDSKDQGXVHGWRFRQVWUXFWDNQRZOHGJHDU
FKLWHFWXUH RI WKH JUDSK 0RUH UHFHQWO\ WKH ZRUN LQ
>@SURSRVHVDVHUHQGLSLW\PRGHOWRH[WUDFWSDWKVEH
WZHHQ LWHPV LQ WKH JUDSKEDVHG RQQRYHOW\RI LWHPV
ZKLFKLVXVHGIRUVHUHQGLSLWRXVUHFRPPHQGDWLRQV
:KLOH VHYHUDO DSSURDFKHV DGGUHVV WKH SUREOHP RI
VXSSRUWLQJ XVHUV¶ H[SORUDWLRQ WKURXJK GDWD JUDSKV
QRQHRIWKHPDLPVDWVXSSRUWLQJOD\PDQXVHUVZKRDUH
QRWGRPDLQH[SHUWV0DQ\RIWKHH[LVWLQJDSSURDFKHV
PD\ QRW EH VXLWDEOH IRU OD\PDQ XVHUVZKRPD\ EH
FRPHFRQIXVHGRURYHUORDGHGZLWKWRRPXFKXQIDPLO
LDUHQWLWLHV1RQHRIWKHH[LVWLQJDSSURDFKHVRIIHUVH[
SORUDWLRQSDWKV WRKHOSXVHUV WRH[SDQG WKHLUGRPDLQ
NQRZOHGJH 6HYHUDO DSSURDFKHV JHQHUDWH SDWKV WKDW
OLQNJUDSKHQWLWLHVVSHFLILHGE\WKHXVHUDQGDUHWKHUH
IRUHVXLWDEOHIRUWDVNVZKHUHWKHXVHUVDUHIDPLOLDUZLWK
WKHGRPDLQ,QVWHDGZHSURYLGHSDWKVIRUXQLIRFDOH[
SORUDWLRQ ZKHUH WKH XVHU VWDUWV IURP D VLQJOH HQWU\
SRLQWDQGH[SORUHVWKHGDWDJUDSK7KHXQLTXHIHDWXUH
RIRXUZRUNLVWKHH[SOLFLWFRQVLGHUDWLRQRINQRZOHGJH
XWLOLW\RIH[SORUDWLRQSDWKV:HDUHILQGLQJHQWLWLHVWKDW
DUHOLNHO\WREHIDPLOLDUWRWKHXVHUDQGXVLQJWKHPDV
NQRZOHGJHDQFKRUVWRJUDGXDOO\LQWURGXFHXQIDPLOLDU
HQWLWLHVDQG IDFLOLWDWH OHDUQLQJ7KLVFDQHQKDQFH WKH
XVDELOLW\RIVHPDQWLFGDWDH[SORUDWLRQV\VWHPVHVSH
FLDOO\ZKHQWKHXVHUVDUHQRWGRPDLQH[SHUWV7KHUH
IRUHRXUZRUNFDQIDFLOLWDWHIXUWKHUDGRSWLRQRIOLQNHG
GDWDH[SORUDWLRQLQWKHOHDUQLQJGRPDLQ,WFDQDOVREH
XVHIXOLQRWKHUDSSOLFDWLRQVWRIDFLOLWDWHWKHH[SORUDWLRQ
E\ XVHUV ZKR DUH QRW IDPLOLDU ZLWK WKH GRPDLQ SUH
VHQWHGLQWKHJUDSK
'DWD([SORUDWLRQ(YDOXDWLRQ$SSURDFKHV
,QWKHFRQWH[WRIRQWRORJ\VXPPDULVDWLRQWKHUHDUH
WZRPDLQDSSURDFKHVIRUHYDOXDWLQJDXVHUGULYHQRQ
WRORJ\VXPPDU\>@JROGVWDQGDUGHYDOXDWLRQZKHUH
WKHTXDOLW\RIWKHVXPPDU\LVH[SUHVVHGE\LWVVLPLODU
LW\WRDPDQXDOO\EXLOWRQWRORJ\E\GRPDLQH[SHUWVRU
FRUSXVFRYHUDJHHYDOXDWLRQLQZKLFKWKHTXDOLW\RIWKH
RQWRORJ\LVUHSUHVHQWHGE\LWVDSSURSULDWHQHVVWRFRYHU
WKHWRSLFRIDFRUSXV7KHHYDOXDWLRQDSSURDFKXVHGLQ
>@ LQFOXGHG LGHQWLI\LQJ D JROG VWDQGDUG E\ DVNLQJ
RQWRORJ\HQJLQHHUVWRVHOHFWDQXPEHURIFRQFHSWVWKH\
FRQVLGHUHGWKHPRVWUHSUHVHQWDWLYHIRUVXPPDULVLQJDQ
RQWRORJ\ ,Q WKLV SDSHU ZH HYDOXDWH DOJRULWKPV IRU
KWWSUHOILQGHUGESHGLDRUJ
LGHQWLI\LQJ.$'*E\FRPSDULQJ WKHDOJRULWKPV¶RXW
SXWVYHUVXVDEHQFKPDUNLQJVHWRI%/2LGHQWLILHGE\
KXPDQV7R WKHEHVW RIRXUNQRZOHGJH WKHUHDUHQR
HYDOXDWLRQ DSSURDFKHV WKDW FRQVLGHU NH\ FRQFHSWV LQ
GDWDJUDSKVZKLFKFRUUHVSRQGWRFRJQLWLYHVWUXFWXUHV
RIXVHUVZKRDUHQRWGRPDLQH[SHUWV2XUHYDOXDWLRQ
DSSURDFK WKDW LGHQWLILHV %/2'* WKURXJK DQ H[SHUL
PHQWDOPHWKRGDGDSWLQJ&RJQLWLYH6FLHQFHPHWKRGVLV
QRYHODQGFDQEHDSSOLHGWRDUDQJHRIGRPDLQV
(YDOXDWLRQRIGDWDH[SORUDWLRQDSSOLFDWLRQVXVXDOO\
FRQVLGHUVWKHH[SORUDWLRQXWLOLW\IURPDXVHU¶VSRLQWRI
YLHZ RU DQDO\VHV WKHDSSOLFDWLRQ¶VXVDELOLW\DQG SHU
IRUPDQFHHJSUHFLVLRQUHFDOOVSHHGHWF>@7KH
SULPHIRFXVLVDVVHVVLQJWKHXVDELOLW\RIVHPDQWLF:HE
DSSOLFDWLRQV ZKLOH DVVHVVLQJ KRZ ZHOO WKH DSSOLFD
WLRQVKHOSWKHXVHUVZLWKWKHLUGDWDH[SORUDWLRQWDVNVLV
VWLOO D NH\ FKDOOHQJH >@ 7DVN GULYHQ XVHU VWXGLHV
KDYHEHHQXWLOLVHGWRDVVHVVZKHWKHUDGDWDH[SORUDWLRQ
DSSOLFDWLRQSURYLGHVXVHIXO UHFRPPHQGDWLRQVIRUDF
FRPSOLVKLQJ XVHUV H[SORUDWLRQ WDVNV >@ $ WDVN
GULYHQEHQFKPDUNIRUHYDOXDWLQJVHPDQWLFGDWDH[SOR
UDWLRQKDVEHHQSUHVHQWHGLQ>@7KHEHQFKPDUNSUH
VHQWV D VHW RI LQIRUPDWLRQVHHNLQJ WDVNV DQG PHWULFV
IRU PHDVXULQJ WKH HIIHFWLYHQHVV RI FRPSOHWLQJ WKH
WDVNV7KHHYDOXDWLRQDSSURDFKLQ>@DLPVWRLGHQWLI\
ZKHWKHU WKH VLPXODWHG H[SORUDWLRQSDWKV LQIRUPDWLRQ
QHWZRUNVDUHVLPLODUWRWKRVHSURGXFHGE\KXPDQH[
SORUDWLRQ :HZLOO DGRSWV WKH HVWDEOLVKHG WDVNEDVHG
DSSURDFKDQGZLOOXWLOLVHDQHGXFDWLRQDOWD[RQRP\IRU
DVVHVVLQJFRQFHSWXDONQRZOHGJHWRDVVHVVNQRZOHGJH
XWLOLW\DQGXVDELOLW\RIWKHJHQHUDWHGH[SORUDWLRQSDWKV
([SHULPHQWDODQG7KHRUHWLFDO)RXQGDWLRQ
$SSOLFDWLRQ&RQWH[W
2XU QRYHO GDWD JUDSK H[SORUDWLRQ DSSURDFK LQFOXGHV
VHYHUDODOJRULWKPVZKLFKDUHIRUPDOO\GHILQHGDQGDUH
LQGHSHQGHQWIURPWKHGRPDLQDQGWKHGDWDJUDSKXVHG
,QRUGHUWRYDOLGDWHWKHDSSURDFKDQGHYDOXDWHWKHDO
JRULWKPVZHQHHGDFRQFUHWHDSSOLFDWLRQFRQWH[W:H
ZLOOXWLOLVH0XVLF3LQWDDVHPDQWLFGDWDEURZVHULQWKH
PXVLFGRPDLQ >@0XVLF3LQWDSURYLGHV DXQLIRFDO
LQWHUIDFHIRUXVHUVWRQDYLJDWHWKURXJKPXVLFDOLQVWUX
PHQW LQIRUPDWLRQ H[WUDFWHG IURP YDULRXV OLQNHG GD
WDVHWV 7KH 0XVLF3LQWD GDWDVHW LQFOXGHV VHYHUDO
VRXUFHV LQFOXGLQJ'%SHGLDIRUPXVLFDO LQVWUXPHQWV
DQGDUWLVWV H[WUDFWHG XVLQJ63$54/ &216758&7

KWWSGESHGLDRUJ$ERXW
KWWSGEWXQHRUJ
TXHULHV7KH'%7XQHGDWDVHWLVXWLOLVHGIRUPXVLFUH
ODWHG VWUXFWXUHG GDWD $PRQJ WKH GDWDVHWV RQ
'%7XQHRUJZHXWLOLVHL-DPHQGRZKLFKLVDODUJH
UHSRVLWRU\RI&UHDWLYH&RPPRQVOLFHQVHGPXVLFLL
0HJDWXQHLVDQLQGHSHQGHQWPXVLFODEHODQGLLL0X
VLF%UDLQ]LVDFRPPXQLW\PDLQWDLQHGRSHQVRXUFHHQ
F\FORSDHGLDRIPXVLFLQIRUPDWLRQ7KHGDWDVHWFRPLQJ
IURP'%7XQHRUJVXFKDV0XVLF%UDLQ]-DPHQGRDQG
0HJDWXQHVDOUHDG\FRQWDLQV WKH³VDPH$V´ OLQNVEH
WZHHQ WKHP IRU OLQNLQJ VDPHHQWLWLHV:HXWLOLVH WKH
³VDPH$V´ OLQNV SURYLGHG E\ '%SHGLD WR OLQN 0X
VLF%UDLQ]DQG'%SHGLDGDWDVHWV,QWKLVZD\'%SHGLD
LVOLQNHGWRWKHUHVWRIWKHGDWDVHWVIURP'%WXQHRUJ
HQDEOLQJH[SORUDWLRQYLDULFKLQWHUFRQQHFWHGGDWDVHWV
7KH0XVLF3LQWDGDWDVHWKDV0HQWLWLHVDQG0
WULSOHVWDWHPHQWVWDNLQJ*%SK\VLFDOVSDFHLQFOXG
LQJ  PXVLFDO LQVWUXPHQWV HQWLWLHV N SHUIRU
PDQFHVDOEXPVUHFRUGVWUDFNVDQGNPXVLFDUW
LVWV7KHGDWDVHWLVPDGHDYDLODEOHRQVRXUFHIRUJH$OO
GDWDVHWVLQ0XVLF3LQWDDUHDYDLODEOHDVDOLQNHG5')
GDWD JUDSK DQG WKH 0XVLF RQWRORJ\LV WKH RQWRORJ\
XVHGDVWKHVFKHPDWRLQWHUOLQNWKHP
7DEOH0DLQFKDUDFWHULVWLFVRI0XVLF3LQWDGDWDJUDSK7KH
GDWDJUDSKLQFOXGHVILYHFODVVKLHUDUFKLHV(DFKFODVVKLHUDUFK\KDV
QXPEHURIFODVVHVOLQNHGYLHWKHVXEVXPSWLRQUHODWLRQVKLS
UGIVVXE&ODVV2I'%SHGLDFDWHJRULHVDUHOLQNHGWRFODVVHV
YLDWKHGFWHUPVVXEMHFWUHODWLRQVKLSDQGFODVVHVDUHOLQNHG
YLDGRPDLQVSHFLILFUHODWLRQVKLS0XVLF2QWRORJ\LQVWUXP
HQWWRPXVLFDOSHUIRUPDQFHV7KHGHSWKRIDFODVVKLHUDUFK\LV
WKHPD[LPXPGHSWKYDOXHIRUHQWLWLHVLQWKHFODVVKLHUDUFK\
,QVWUXPHQWFODVV
KLHUDUFK\
1RRI
FODVVHV
1RRI'%SH
GLDFDWHJRULHV
1RRIPXVLF
SHUIRUPDQFHV
'HSWK
6WULQJ    
:LQG    
3HUFXVVLRQ    
(OHFWURQLF    
2WKHU    
7KH0XVLF3LQWDGDWDVHWSURYLGHVDQDGHTXDWHVHWXS
VLQFHLWLVIDLUO\ODUJHDQGGLYHUVH\HWRIPDQDJHDEOH
VL]HIRUH[SHULPHQWDWLRQ7KHPXVLFRQWRORJ\SURYLGHV
VXIILFLHQWFODVVKLHUDUFK\IRUH[SHULPHQWDWLRQ)RULQ
VWDQFH WKH FODVV KLHUDUFKLHV IRU WKH 6WULQJ DQG
:LQGPXVLFDOLQVWUXPHQWVKDYHGHSWKVRIZKLFKLV
FRQVLGHUHGLGHDOIRUDSSO\LQJWKHFRJQLWLYHVFLHQFHQR
WLRQRIEDVLFOHYHOREMHFWV>@RQGDWDJUDSKVDVWKLV
QRWLRQVWDWHVWKDWREMHFWVZLWKLQDKLHUDUFK\DUHFODVVL
ILHGDWOHDVWWKUHHGLIIHUHQWOHYHOVRIDEVWUDFWLRQVXSHU
RUGLQDWHEDVLF VXERUGLQDWH)LJXUHV VKRZH[
DPSOHVRIWKHXVHULQWHUIDFHLQWKH0XVLF3LQWDVHPDQ
WLFGDWDEURZVHU
KWWSVRXUFHIRUJHQHWSSLQWDFRGHWUHH
KWWSPXVLFRQWRORJ\FRP

)LJ6HPDQWLFVHDUFKLQWHUIDFHLQ0XVLF3LQWDZKHUHDXVHULQ
VHUWVDQDPHRIDPXVLFDOLQVWUXPHQWHJ;\ORSKRQH
)LJ'HVFULSWLRQSDJHRIWKHHQWLW\
;\ORSKRQH
LQ0X
VLF3LQWDH[WUDFWHGIURP'%SHGLDXVLQJ&216758&7TXHULHV
)LJ6HPDQWLF/LQNVLHSUHGLFDWHVUHODWHGWRHQWLW\;\OR
SKRQHSUHVHQWHGLQ)HDWXUHVDQG5HOHYDQW,QIRUPDWLRQ)HD
WXUHVLQFOXGHVHPDQWLFUHODWLRQVKLSVUGIW\SHHJ;\OR
SKRQHLVDQLQVWUXPHQWUGIVVXEFODVV2IHJVXE&ODVV
;\ORSKRQHEHORQJVWRVXSHU&ODVV7XQHG3HUFXVVLRQ
DQGGFWHUPVVXEMHFWHJ;\ORSKRQHEHORQJVWR
'%SHGLDFDWHJRU\*UHHNORDQZRUGV5HOHYDQW,QIRUPDWLRQ
LQFOXGHUGIVVXEFODVV2IHJ&HOHVWDLVVXE&ODVV2I
;\ORSKRQH

.QRZOHGJH8WLOLW\RIDQ([SORUDWLRQ3DWK
7RDSSUR[LPDWHWKHNQRZOHGJHXWLOLW\RIDQH[SOR
UDWLRQSDWKZHQHHGDV\VWHPDWLFDSSURDFK)RUWKLV
ZH DGDSW WKH ZHOONQRZQ WD[RQRP\ E\ %ORRP >@
ZKLFK LV XVHG IRU DVVHVVLQJ FRQFHSWXDO NQRZOHGJH
7KH WD[RQRP\ LGHQWLILHV D VHW RISURJUHVVLYHO\FRP
SOH[ OHDUQLQJ REMHFWLYHV WKDW FDQ EH XVHG WRDVVHVV
OHDUQLQJ H[SHULHQFHV RYHU LQIRUPDWLRQ VHHNLQJ DQG
VHDUFKWDVNV>@,WVXJJHVWVOLQNLQJNQRZOHGJHWRVL[
FRJQLWLYHSURFHVVHVUHPHPEHUXQGHUVWDQGDSSO\DQ
DO\]H HYDOXDWHDQGFUHDWH$PRQJ WKHVH UHPHPEHU
DQG XQGHUVWDQG DUH GLUHFWO\ UHODWHG WR EURZVLQJ DQG
H[SORUDWLRQ DFWLYLWLHV 7KH UHPDLQLQJ SURFHVVHV UH
TXLUHGHHSHUOHDUQLQJDFWLYLWLHVZKLFKXVXDOO\KDSSHQ
RXWVLGH D EURZVLQJ WRRO LQ RXU FDVH 6HPDQWLF GDWD
EURZVHUDQGKHQFHZLOOQRWEHFRQVLGHUHG7KHSUR
FHVVUHPHPEHULVDERXWUHWULHYLQJUHOHYDQWNQRZOHGJH
IURPWKHORQJWHUPPHPRU\DQGLQFOXGHVUHFRJQLWLRQ
ORFDWLQJ NQRZOHGJH DQG UHFDOO UHWULHYLQJ LW IURP
PHPRU\>@7KHSURFHVVXQGHUVWDQGLVDERXWFRQ
VWUXFWLQJPHDQLQJWKHPRVWUHOHYDQWWRRXUFRQWH[WDUH
FDWHJRULVH GHWHUPLQH HQWLW\ PHPEHUVKLS DQG FRP
SDUHGHWHFWVLPLODULWLHV>@
7RDSSUR[LPDWHWKHNQRZOHGJHXWLOLW\RIDQH[SOR
UDWLRQSDWKZHHPSOR\VFKHPDDFWLYDWLRQLWZDVDS
SOLHG IRU DVVHVVLQJ XVHU NQRZOHGJH H[SDQVLRQ ZKHQ
UHDGLQJWH[W>@7RDVVHVVWKHXVHU¶VNQRZOHGJHRID
WDUJHWGRPDLQFRQFHSW;WKHXVHULVDVNHGWRQDPH
FRQFHSWVWKDWEHORQJVWRDQGDUHVLPLODUWRWKHWDUJHW
FRQFHSW;$VFKHPDDFWLYDWLRQWHVWLVFRQGXFWHGEH
IRUH DQ H[SORUDWLRQ DQG DIWHU DQ H[SORUDWLRQ XVLQJ
WKUHHTXHVWLRQVUHODWHG WR WKHFRJQLWLYHSURFHVVHVUH
PHPEHUFDWHJRULHVDQGFRPSDUH
4>UHPHPEHU@:KDWFRPHVLQ\RXUPLQGZKHQ\RX
KHDUWKHZRUG;"
4>FDWHJRULVH@:KDWPXVLFDOLQVWUXPHQWFDWHJRULHV
GRHV;EHORQJWR"
4 >FRPSDUH@ :KDW PXVLFDO LQVWUXPHQWV DUH
VLPLODUWR;"
7KHQXPEHURIDFFXUDWHFRQFHSWVQDPHGHJQDP
LQJDQHQWLW\ZLWKLWVH[DFWQDPHRUZLWKDSDUHQWRU
ZLWKDPHPEHU RI WKHHQWLW\ E\ WKHXVHUEHIRUH DQG
DIWHUH[SORUDWLRQ LVFRXQWHG DQG WKH GLIIHUHQFH LQGL
FDWHVWKHNQRZOHGJHXWLOLW\RIWKHH[SORUDWLRQ)RUH[
DPSOHLIDXVHUFRXOGQDPHFRUUHFWO\WZRPXVLFDOLQ
VWUXPHQWV VLPLODU WR WKH PXVLFDO LQVWUXPHQW %LZD
4 EHIRUH DQ H[SORUDWLRQ DQG WKHQ WKH XVHU FRXOG
QDPHFRUUHFWO\VL[QDPHVRIPXVLFDOLQVWUXPHQWVVLP
LODUWRWKHLQVWUXPHQW%LZDDIWHUWKHH[SORUDWLRQWKHQ
WKHHIIHFWRIWKHH[SORUDWLRQRQWKHFRJQLWLYHSURFHVV
FRPSDUHLVLQGLFDWHGDVLHDVDUHVXOWRIWKHH[SOR
UDWLRQWKHXVHUOHDUQHGQHZVLPLODUPXVLFDOLQVWUX
PHQWV WR WKH PXVLFDO LQVWUXPHQW%LZD ,I WKH XVHU
QDPHGRQO\RQH LQVWUXPHQWDIWHUWKHH[SORUDWLRQ WKH
XVHUNQRZOHGJHGLGQRWLQFUHDVHDQGWKHNQRZOHGJH
XWLOLW\ZLOOEHFRXQWHGDV]HUR
6XEVXPSWLRQ7KHRU\8QGHUSLQQLQJ([SORUDWLRQ
,QDVFRSLQJXVHUVWXG\ZHH[DPLQHGXVHUH[SORUD
WLRQRIPXVLFDOLQVWUXPHQWVLQ0XVLF3LQWDWRLGHQWLI\
ZKDW VWUDWHJLHV ZRXOG OHDG WR SDWKV ZLWK KLJK
NQRZOHGJH XWLOLW\ GHWDLOV RI WKH VWXG\ DUH JLYHQ LQ
>@:HH[DPLQHGWZRGLPHQVLRQVWKHXVHU¶VIDPLO
LDULW\ZLWKWKHGRPDLQDQGWKHGHQVLW\RIHQWLWLHVLQWKH
GDWDJUDSK3DWKVZKLFKLQFOXGHGIDPLOLDUDQGGHQVH
HQWLWLHVDQGEURXJKWXQIDPLOLDUHQWLWLHVOHGWRLQFUHDV
LQJWKHXVHUV¶NQRZOHGJH)RUH[DPSOHZKHQDSDUWLF
LSDQW ZDV GLUHFWHG WR H[SORUH WKH HQWLW\ *XLWDU
ZKLFKKHVKHZDVIDPLOLDUZLWKWKHSDUWLFLSDQWFRXOG
VHH XQIDPLOLDU HQWLWLHV OLQNHG WR *XLWDU VXFK DV
5HVRQDWRU *XLWDU DQG 'REUR 7KH HQWLW\
*XLWDU VHUYHG DV DQ DQFKRU IURP ZKHUH WKH XVHU
PDGHOLQNVWRQHZFRQFHSWV5HVRQDWRU*XLWDU
DQG 'REUR:HDOVRQRWHGWKDWWKHGHQVHHQWLWLHV
ZKLFKKDGPDQ\VXEFODVVHVDQGZHUHZHOOFRQQHFWHG
LQ WKH JUDSK SURYLGHG JRRG SRWHQWLDO DQFKRUV WKDW
FRXOGVHUYHDVEULGJHVWROHDUQQHZFRQFHSWV
:KLOHWKHVFRSLQJVWXG\SURYLGHGXVZLWKXVHIXOLQ
VLJKWV LWGLGQRWJLYHVROLGWKHRUHWLFDOPRGHOIRUGH
YHORSLQJDQDSSURDFKWKDWJHQHUDOLVHVDFURVVGRPDLQV
DQGGDWDJUDSKV7KHVWXG\ILQGLQJVGLUHFWHGXVWR$X
VXEHO¶V VXEVXPSWLRQ WKHRU\ IRU PHDQLQJIXO OHDUQLQJ
>@DVDSRVVLEOHWKHRUHWLFDOXQGHUSLQQLQJPRGHOIRU
JHQHUDWLQJH[SORUDWLRQSDWKV7KLVWKHRU\>±@
KDVEHHQEDVHGRQWKHSUHPLVHWKDWDKXPDQFRJQLWLYH
VWUXFWXUHLHLQGLYLGXDO¶VRUJDQLVDWLRQVWDELOLW\DQG
FODULW\ RI NQRZOHGJH LQ D SDUWLFXODU VXEMHFW PDWWHU
ILHOG LV WKH PDLQ IDFWRU WKDW LQIOXHQFHV WKH OHDUQLQJ
DQG UHWHQWLRQ RI QHZ NQRZOHGJH >@ ,Q UHODWLRQ WR
PHDQLQJIXOOHDUQLQJWKHVXEVXPSWLRQSURFHVVSRVWX
ODWHVWKDWDKXPDQFRJQLWLYHVWUXFWXUHLVKLHUDUFKLFDOO\
RUJDQLVHGZLWKUHVSHFWWROHYHOVRIDEVWUDFWLRQJHQHU
DOLW\DQGLQFOXVLYHQHVVRIFRQFHSWV+LJKO\LQFOXVLYH
FRQFHSWV LQ WKH FRJQLWLYH VWUXFWXUH FDQ EH XVHG DV
NQRZOHGJHDQFKRUVWRVXEVXPHDQGOHDUQQHZOHVVLQ
FOXVLYH VXEFRQFHSWV WKURXJK PHDQLQJIXO UHODWLRQ
VKLSV>@2QFHWKHNQRZOHGJHDQFKRUVDUH
LGHQWLILHGDWWHQWLRQFDQEHGLUHFWHGWRZDUGVLGHQWLI\
LQJWKHSUHVHQWDWLRQDQGVHTXHQWLDODUUDQJHPHQWRIWKH
QHZVXEVXPHGFRQWHQW>@+HQFHWRVXEVXPHQHZ
NQRZOHGJHDQFKRULQJFRQFHSWVDUHILUVWLQWURGXFHGWR
WKHXVHUDQGWKHQXVHGWRLQWURGXFHQHZFRQFHSWV
%DVLF/HYHO2EMHFWV
7R LGHQWLI\LQJNQRZOHGJHDQFKRUV LQGDWD JUDSKV
ZHQHHG WR ILQGHQWLWLHV WKDW FDQEHKLJKO\ LQFOXVLYH
DQGIDPLOLDU WR WKHXVHUV)RUWKLVZHZLOODGRSW WKH
%DVLF /HYHO 2EMHFWV %/2QRWLRQZKLFKZDV LQWUR
GXFHGE\&RJQLWLYHVFLHQFHUHVHDUFK,WVWDWHVWKDWGR
PDLQVRIFRQFUHWHREMHFWVLQFOXGHIDPLOLDUFDWHJRULHV
WKDWH[LVWDWDQLQFOXVLYHOHYHORIDEVWUDFWLRQLQKXPDQ
FRJQLWLYHVWUXFWXUHVFDOOHGWKHEDVLFOHYHO0RVWSHR
SOHDUHOLNHO\WRUHFRJQLVHDQGLGHQWLI\REMHFWVDWWKH
EDVLFOHYHO$QH[DPSOHIURPWKHH[SHULPHQWDOVWXGLHV
IURP5RVFKHWDO>@RID%/2LQWKHPXVLFGRPDLQ
LV*XLWDU*XLWDU UHSUHVHQWV D IDPLOLDU FDWHJRU\
WKDWLVQHLWKHUWRRJHQHULFHJPXVLFDOLQVWUX
PHQWQRUWRRVSHFLILFHJ)RON*XLWDU±VXE
FODVVRIWKHFDWHJRU\*XLWDU
5RVFK HW DO >@ GHILQH %/2 DV FDWHJRULHV WKDW
³FDUU\WKHPRVWLQIRUPDWLRQSRVVHVVWKHKLJKHVWFDWH
JRU\FXHYDOLGLW\DQGDUHWKXVWKHPRVWGLIIHUHQWLDWHG
IURPRQHDQRWKHU´&UXFLDOIRULGHQWLI\LQJEDVLFOHYHO
FDWHJRULHVLVFDOFXODWLQJFXHYDOLGLW\³WKHYDOLGLW\RID
JLYHQFXH[DVDSUHGLFWRURIDJLYHQFDWHJRU\\WKH
FRQGLWLRQDO SUREDELOLW\ RI \[ LQFUHDVHV DV WKH IUH
TXHQF\ZLWKZKLFKFXH[LVDVVRFLDWHGZLWKFDWHJRU\\
LQFUHDVHVDQGGHFUHDVHVDV WKHIUHTXHQF\ZLWKZKLFK
FXH [ LV DVVRFLDWHG ZLWK FDWHJRULHV RWKHU WKDQ \ LQ
FUHDVHV´>@$PHPEHUVRID%/2VKDUHPDQ\IHD
WXUHV DWWULEXWHV WRJHWKHU DQGKHQFH WKH\ KDYH KLJK
VLPLODULW\YDOXHVLQWHUPVRIWKHIHDWXUHWKH%/2PHP
EHUVVKDUH&RQVHTXHQWO\WZRDSSURDFKHVFDQEHDS
SOLHGWRLGHQWLI\%/2LQDGRPDLQWD[RQRP\
'LVWLQFWLYHQHVV KLJKHVW FXH YDOLGLW\ 7KLV IRO
ORZV WKH IRUPDO GHILQLWLRQ RI FXH YDOLGLW\ JLYHQ
DERYH ,W LGHQWLILHVPRVWGLIIHUHQWLDWHGFDWHJRU\ RE
MHFWVLQDGRPDLQ$GLIIHUHQWLDWHGFDWHJRU\REMHFWKDV
PRVW RU DOO RI LWV FXHV LH DWWULEXWHV OLQNHG WR LWV
PHPEHUVLHVXEFODVVHVRIWKHFDWHJRU\REMHFWRQO\
DQGQRWOLQNHGWRRWKHUFDWHJRU\REMHFWVLQWKHWD[RQ
RP\(DFKHQWLW\OLQNHGWRRQHRUPRUHPHPEHUVRI
WKH FDWHJRU\ REMHFW ZLOO KDYH D VLQJOH YDOLGLW\ YDOXH
XVHGDVDSUHGLFWRUIRUWKHGLVWLQFWLYHQHVVRIWKHFDWH
JRU\DPRQJRWKHUFDWHJRU\REMHFWV LQ WKH WD[RQRP\
)RU H[DPSOH WKH FDWHJRU\ REMHFW Y LQ )LJXUH  KDV
IRXU HQWLWLHV XXXX OLQNHG WR LWV PHPEHUV
YYYY7KHYDOLGLW\RIHQWLW\XDVSUHGLFWRURI
FDWHJRU\ Y LV KLJKHU WKDQ HQWLW\ X VLQFHX LV RQO\
OLQNHGWRPHPEHUVRIWKHFDWHJRU\YZKHUHDVHQWLW\X
LVOLQNHGWRPHPEHUVRIWKHFDWHJRULHVYDQGY+RPRJHQHLW\KLJKHVWFRPPRQDOLW\EHWZHHQFDW
HJRU\ PHPEHUV 7KLV LGHQWLILHV FDWHJRU\ REMHFWV
ZKRVH PHPEHUV KDYH KLJK VLPLODULW\ YDOXHV 7KH
KLJKHU WKHVLPLODULW\EHWZHHQFDWHJRU\PHPEHUV WKH
PRUHOLNHO\LWLVWKDWWKHFDWHJRU\REMHFWLVDWWKHEDVLF
OHYHO RI DEVWUDFWLRQ7KLV LVFRPSOHPHQWDU\ZLWK WKH
GLVWLQFWLYHQHVV IHDWXUH GHVFULEHG DERYH $ FDWHJRU\
REMHFWZLWK KLJK FXH YDOLGLW\ ZLOO XVXDOO\ KDYH KLJK
QXPEHURIHQWLWLHVVKDUHGE\LWVPHPEHUV7KHKRPR
JHQHLW\YDOXHIRUDFDWHJRU\REMHFWFRQVLGHUVWKHSDLU
ZLVH VLPLODULW\ YDOXHV EHWZHHQ WKH FDWHJRU\¶V PHP
EHUV)RUH[DPSOHLQ)LJXUHWKHFDWHJRU\HQWLW\Y
FRQVLGHUV WKH SDLUZLVHVLPLODULWLHVEHWZHHQLWVPHP
EHUV HJ VLPLODULW\ EHWZHHQ >YY@ >Y Y@
>YY@7KHKLJKHUWKHVLPLODULW\EHWZHHQPHPEHUV
RIWKDWFDWHJRU\WKHPRUHOLNHO\WKDWWKHFDWHJRU\LVDW
WKHEDVLFOHYHO
,QWKHIROORZLQJVHFWLRQVZHZLOOXWLOLVH$XVEHO¶V
VXEVXPSWLRQ WKHRU\ WR JHQHUDWH H[SORUDWLRQ SDWKV
WKURXJKGDWDJUDSKVEDVHGRQNQRZOHGJHDQFKRUV:H
ZLOO VSOLW WKLV LQWR WZR VWDJHV L LGHQWLI\LQJ
NQRZOHGJHDQFKRUVLQGDWDJUDSKVDQGLLXVLQJWKH
NQRZOHGJHDQFKRUVWRVXEVXPHQHZNQRZOHGJH
3UHOLPLQDULHV
:HSURYLGHKHUH WKHPDLQGHILQLWLRQV WKDWZLOO EH
XVHGLQWKHIRUPDOGHVFULSWLRQRIWKHDOJRULWKPV
5')GHVFULEHVHQWLWLHVDQGDWWULEXWHVHGJHVLQWKH
GDWDJUDSKUHSUHVHQWHGDV5')VWDWHPHQWV(DFKVWDWH
PHQWLVDWULSOHRIWKHIRUP6XEMHFW3UHGLFDWH2E
MHFW!>@7KH6XEMHFWDQG3UHGLFDWHGHQRWHHQWLWLHV
LQ WKH JUDSK $Q 2EMHFW LV HLWKHU D 85, RU D VWULQJ
(DFK3UHGLFDWH85,GHQRWHVDGLUHFWHGDWWULEXWHZLWK
6XEMHFWDVDVRXUFHDQG2EMHFWDVDWDUJHW
'HILQLWLRQ>'DWDJUDSK@)RUPDOO\DGDWDJUDSK
LVD ODEHOOHGGLUHFWHGJUDSK ²¢ 7(9'*  GHSLFW
LQJDVHWRI5')WULSOHVZKHUH
 `^  QYYY9  LVDILQLWHVHWRIHQWLWLHV
 `^  PHHH(  LVDILQLWHVHWRIHGJHODEHOV
 `^  NWWW7  LV D ILQLWH VHW RI WULSOHV ZKHUH
HDFKWULSOHLVDSURSRVLWLRQLQWKHIRUPRI RLX YHY  
ZLWK 9YY RX  ZKHUH XY LVWKH6XEMHFWVRXUFHHQ
WLW\DQG RY LVWKH2EMHFWWDUJHWHQWLW\DQG (HL  
LVWKH3UHGLFDWHHGJHODEHO
,QRXUDQDO\VLVRIGDWDJUDSKVWKHVHWRIHQWLWLHV9
ZLOOPDLQO\FRQVLVWRIWKHFRQFHSWVRIWKHRQWRORJ\DQG
FDQDOVRLQFOXGHLQGLYLGXDOREMHFWVLQVWDQFHVRIFRQ
FHSWV7KHHGJHODEHOVZLOOFRUUHVSRQGWRVHPDQWLFUH
ODWLRQVKLSV EHWZHHQFRQFHSWV DQG LQGLYLGXDO REMHFWV
7KHVH ODEHOV LQFOXGH WKH VXEVXPSWLRQ UHODWLRQVKLS
UGIVVXEFODVV2I DQGWKHUGIW\SHUHODWLRQ
VKLS)RUDJLYHQHQWLW\ LY ZHZLOOEHLQWHUHVWHGSUL
PDULO\ LQ LWV GLUHFW DQG LQIHUUHG VXEFODVVHV DQG  LQ
VWDQFHV7KHVHWRIHQWLWLHV9FDQEHGLYLGHGIXUWKHUE\
XVLQJ WKH UGIVVXEFODVV2I VXEVXPSWLRQ UHOD
WLRQVKLSGHQRWHGDV DQGIROORZLQJLWVWUDQVLWLYLW\
LQIHUHQFH7KLVLQFOXGHV
5RRWHQWLW\ U ZKLFKLVVXSHUFODVVIRUDOOHQWLWLHVLQ
WKHGRPDLQ
&DWHJRU\HQWLWLHV 9&  ZKLFKDUHWKHVHWRIDOO
LQQHUHQWLWLHVRWKHUWKDQWKHURRWHQWLW\ U WKDWKDYH
DWOHDVWRQHVXEFODVVDQGPD\DOVRLQFOXGHVRPHLQ
GLYLGXDOREMHFWV
/HDIHQWLWLHV 9/  ZKLFKDUHWKHVHWRIHQWLWLHV
WKDWKDYHQRVXEFODVVHVDQGPD\KDYHRQHRUPRUH
LQGLYLGXDOV
6WDUWLQJIURPWKHURRWHQWLW\ U WKHFODVVKLHUDUFK\LQ
DGDWDJUDSKLVWKHVHWRIDOOHQWLWLHVOLQNHGYLDWKHVXE
VXPSWLRQUHODWLRQVKLSUGIVVXE&ODVV2I7KHVHW
RIHQWLWLHVLQWKHFODVVKLHUDUFK\LQFOXGHWKHURRWHQWLW\
U &DWHJRU\HQWLWLHV & DQG/HDIHQWLWLHV / 
7KHVHWRIHGJHODEHOV ( LVGLYLGHGIXUWKHUFRQVLG
HULQJWZRUHODWLRQVKLSFDWHJRULHV
+LHUDUFKLFDOUHODWLRQVKLSV + LVDVHWRIVXEVXPS
WLRQ UHODWLRQVKLSV EHWZHHQ WKH 6XEMHFW DQG 2EMHFW
HQWLWLHVLQWKHFRUUHVSRQGLQJWULSOHV
'RPDLQVSHFLILF UHODWLRQVKLSV ' UHSUHVHQW UHOH
YDQW OLQNV LQ WKH GRPDLQ RWKHU WKDQ KLHUDUFKLFDO
OLQNVHJLQDPXVLFGRPDLQLQVWUXPHQWVXVHGLQWKH
VDPHSHUIRUPDQFHDUHUHODWHG
'HILQLWLRQ>'DWD*UDSK7UDMHFWRU\@$WUDMHF
WRU\ - LQDGDWDJUDSK ²¢ 7(9'*  LVGHILQHGDVDVHTXHQFH RI HQWLWLHV DQG HGJH ODEHOV ZLWKLQ WKH GDWD
JUDSKLQWKHIRUPRI ²¢   QQQ YHYYHY- ZKHUH
    QL9YL 
 QM(H M    
 Y DQG QY DUH WKH ILUVW DQG WKH ODVW HQWLWLHVRI WKH
GDWDJUDSKWUDMHFWRU\ - UHVSHFWLYHO\
 Q LVWKHOHQJWKRIWKHGDWDJUDSKWUDMHFWRU\ - 
'HILQLWLRQ>(QWLW\'HSWK@7KHGHSWKRIDQHQWLW\
Yא&8/LVWKHOHQJWKRIWKHVKRUWHVWGDWDJUDSKWUDMHF
WRU\IURPWKHHQWLW\ Y WRWKHURRWHQWLW\ U LQWKHFODVV
KLHUDUFK\RIWKHGDWDJUDSK
'HILQLWLRQ  >([SORUDWLRQ 3DWK@ $Q H[SORUDWLRQ
SDWK3LQDGDWDJUDSK '* LVDVHTXHQFHRIILQLWHVHWRIWUDQVLWLRQQDUUDWLYHVJHQHUDWHGLQWKHIRUPRI
²¢²¢²¢   PPP YQYYQYYQY3 ZKHUH
    PL9YL 
 Y DQG PY DUHWKHILUVWDQGODVWHQWLWLHVRIWKHH[
SORUDWLRQSDWK 3 UHVSHFWLYHO\
 P LVWKHOHQJWKRIWKHH[SORUDWLRQSDWK 3 
 PLQL   LVDWH[WVWULQJWKDWUHSUHVHQWVDQDUUD
WLYHVFULSW
 ²¢  LLL YQY SUHVHQWV D WUDQVLWLRQ IURP LY WR LY 
ZKLFK LV HQDEOHG E\ WKH QDUUDWLYH VFULSW LQ  1RWH
WKDWDQH[SORUDWLRQSDWK 3 LVGLIIHUHQW IURPDGDWD
JUDSKWUDMHFWRU\ - LQWKDW LY DQG LY LQ 3 PD\QRWEH
GLUHFWO\ OLQNHGYLDDQHGJH ODEHO LH WKHWUDQVLWLRQ
IURP LY WR LY LQ 3 FDQ EH HLWKHU YLD GLUHFW OLQN DQ
HGJHRUWKURXJKDQLPSOLFLWOLQNDWUDMHFWRU\
2XUXOWLPDWHJRDOLVWRSURYLGHDQDXWRPDWHGZD\WR
JHQHUDWH DQ H[SORUDWLRQ SDWK 3  7KLV LV DFKLHYHG LQ
WZR VWHSV  L LGHQWLI\LQJ HQWLWLHV WKDW FDQ VHUYH DV
NQRZOHGJH DQFKRUV GHVFULEHG LQ VHFWLRQ  DQG
LL XWLOLVLQJ WKHVH NQRZOHGJH DQFKRUV DQG WKH VXE
VXPSWLRQVWUDWHJ\GHVFULEHGLQVHFWLRQWRJHQHU
DWHDQH[SORUDWLRQSDWKGHVFULEHGLQVHFWLRQ
,GHQWLI\LQJ.QRZOHGJH$QFKRUVLQ'DWD*UDSKV
,QVHFWLRQZHKLJKOLJKWHGDQGMXVWLILHGWKHQHHGIRU
WZR DSSURDFKHV WR LGHQWLI\ NQRZOHGJH DQFKRUV LQ D
GDWD JUDSK GLVWLQFWLYHQHVV DQG KRPRJHQHLW\ :H
DGRSWPHWULFVIURP)&$WRGHILQHVXFKGLVWLQFWLYHQHVV
DQGKRPRJHQHLW\PDWULFHV

'LVWLQFWLYHQHVV0HWULFV
7KLVJURXSRIPHWULFVDLPVWRLGHQWLI\GLIIHUHQWLDWHG
FDWHJRULHVZKRVHPHPEHUVDUHOLQNHGWRGLVWLQFWLYHHQ
WLWLHVWKDWDUHVKDUHGDPRQJVWWKHFDWHJRULHV¶PHPEHUV
EXW QRW ZLWK RWKHU FDWHJRULHV (DFK FDWHJRU\ HQWLW\
9Y  WKDWLVOLQNHGWKURXJKDQHGJHODEHO H WRPHP
EHUV YY c RIWKHFDWHJRU\HQWLW\ &Y ZLOOKDYHDVLQ
JOHYDOLGLW\YDOXHWRGLVWLQJXLVKYIURPWKHRWKHUFDWH
JRU\HQWLWLHV:HIROORZWKHGHILQLWLRQRIFXHYDOLGLW\
SURYLGHGE\5RVFKHWDO>@LQLGHQWLI\LQJEDVLFOHYHO
REMHFWV$FFRUGLQJWR5RVFKHWDO³WKHFXHYDOLGLW\RI
DQHQWLUHFDWHJRU\PD\EHGHILQHGDVWKHVXPPDWLRQRI
WKHFXHYDOLGLWLHV IRU WKDWFDWHJRU\RIHDFKRIWKHDW
WULEXWHVRIWKHFDWHJRU\´7KLVGHILQLWLRQLVVLPLODUWR
WKHDSSURDFKXVHGWRLGHQWLI\NH\FRQFHSWVLQIRUPDO
FRQFHSWDQDO\VLV>@ZKHUHWKH\VXPPHGXSWKHYD
OLGLW\RIREMHFWVRIDIRUPDOFRQFHSW7KUHHGLVWLQFWLYH
QHVVPHWULFVZHUHGHYHORSHGDQGSUHVHQWHGLQ>@
$WWULEXWH9DOLGLW\$97KHDWWULEXWHYDOLGLW\GHI
LQLWLRQ FRUUHVSRQGV WR WKH FXH YDOLGLW\ GHILQLWLRQ LQ
>@DQGDGRSWVWKHIRUPXODIURP>@:HXVHµDWWULE
XWH YDOLGLW\¶ WR LQGLFDWH WKH DVVRFLDWLRQ ZLWK GDWD
JUDSKVµFXHV¶LQGDWDJUDSKVDUHDWWULEXWHVRIWKHHQ
WLWLHVDQGDUHUHSUHVHQWHGDVUHODWLRQVKLSVLQWHUPVRI
WULSOHV7KH$9YDOXHRIDQHQWLW\ &Y ZLWKUHVSHFW
WRDUHODWLRQVKLSW\SHHLVFDOFXODWHGDVWKHDJJUHJD
WLRQRIWKH$9YDOXHVIRUDOOHQWLWLHVYƍHOLQNHGWRVXE
FODVVHV Yc  YY c 7KHDWWULEXWHYDOLGLW\YDOXHRIYƍHLQ
FUHDVHVDVWKHQXPEHURIUHODWLRQVKLSVRI W\SHHEH
WZHHQ YƍH DQG WKH VXEFODVVHV Yc  YY c LQFUHDVHV
ZKHUHDVWKHDWWULEXWHYDOLGLW\YDOXHRIYƍHGHFUHDVHVDV
WKHQXPEHURIUHODWLRQVKLSVRIW\SHHEHWZHHQYƍHDQG
DOOHQWLWLHVLQWKHGDWDJUDSKLQFUHDVHV:HGHILQHWKH
VHWRIHQWLWLHV:YHWKDWDUHUHODWHGWRWKHVXEFODVVHV
Yc  YY c DVVXEMHFWVYLDUHODWLRQVKLSRIW\SHH
 > @ `^ 7YHYYYYYHY: HH ccccc 
)RUPXODGHILQHVWKHDWWULEXWHYDOLGLW\PHWULFIRUD
JLYHQHQWLW\YZLWKUHJDUGVWRDUHODWLRQVKLSW\SHH
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$QH[DPSOHLVSURYLGHGLQ)LJXUH7KH $9YDOXH
IRUFDWHJRU\HQWLW\ Y ZLWKUHJDUGWKHGRPDLQVSHFLILF
UHODWLRQVKLS ' LVWKHDJJUHJDWLRQRIWKH $9YDOXHVRI
WKHVXEMHFWHQWLWLHVXXXXOLQNHGWRPHPEHUVRIWKH
FDWHJRU\HQWLW\ Y LHREMHFWV   YYYY YLD WKH
HGJHODEHORUSUHGLFDWH ' 
)LJ$GDWDJUDSKVKRZLQJHQWLWLHVDQGUHODWLRQVKLSW\SHV
EHWZHHQHQWLWLHV
7KH $9 YDOXH IRU WKHHQWLW\XHTXDOV WKHQXPEHU
RIWULSOHVEHWZHHQWKHVXEMHFWHQWLW\XDQGPHPEHUVRI
WKHFDWHJRU\ Y WKHREMHFWHQWLWLHV Y  Y YLDWKHUHOD
WLRQVKLS ' LH  WULSOHV GLYLGHG E\ WKHQXPEHU RI
WULSOHVEHWZHHQWKHVXEMHFWHQWLW\XDQGDOOWKHREMHFW
HQWLWLHVLQWKHJUDSKLH Y  Y  Y YLDWKHUHODWLRQ
VKLS ' LH  WULSOHV +HQFH WKH $9 YDOXH IRU X
HTXDOV 7KHDJJUHJDWLRQRI WKH LQGLYLGXDO
$9 YDOXHVIRUHQWLWLHVXXXXZLOOLGHQWLI\WKH $9
YDOXHIRUWKHFDWHJRU\HQWLW\ Y 
&DWHJRU\$WWULEXWH&ROORFDWLRQ&$&7KLVDS
SURDFKZDV XVHG LQ >@ WR LPSURYH WKHFXHYDOLGLW\
PHWULFE\ DGGLQJD KRPRJHQHLW\ ZHLJKW FDOOHG FDWH
JRU\IHDWXUHFROORFDWLRQPHDVXUHZKLFKWDNHVLQWRDF
FRXQWWKHIUHTXHQF\RIWKHDWWULEXWHZLWKLQWKHPHP
EHUVRIWKHFDWHJRU\7KLVJLYHVSUHIHUHQFHWRµJRRG¶
FDWHJRULHV WKDW KDYH PDQ\ DWWULEXWHV VKDUHG E\ WKHLU
PHPEHUVLHKLJKVLPLODULW\EHWZHHQPHPEHUVRIWKH
FDWHJRU\,QRXUFDVHDJRRGFDWHJRU\ZLOOEHDQHQ
WLW\ &Y ZLWKDKLJKQXPEHURIUHODWLRQVKLSVRIW\SH
H EHWZHHQYƍHDQGWKHVXEFODVVHV Yc  YY c UHODWLYH
WRWKHQXPEHURILWVVXEFODVVHV)RUPXODGHILQHVWKH
FDWHJRU\DWWULEXWHFROORFDWLRQPHWULFIRUDJLYHQHQWLW\
Y ZLWKUHJDUGWRDUHODWLRQVKLSW\SH H 

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&RQVLGHULQJWKHH[DPSOHLQ)LJXUHIRULGHQWLI\LQJ
WKH $9 YDOXHIRUWKHHQWLW\ݑଷDQGFRQVLGHULQJWKHUH
ODWLRQVKLS ' WKH &$& DGGVDZHLJKWRIWKHQXPEHU
RIWKHWULSOHVEHWZHHQWKHVXEMHFWXDQGWKHPHPEHUV
RI Y YLDWKHUHODWLRQVKLS ' GLYLGHGE\WKHQXPEHURI
PHPEHUVRIWKHFDWHJRU\HQWLW\ Y +HQFH WKH&$&
RIXZLOOEHWKH $9 YDOXHRIXLHPXOWLSOLHG
E\HTXDOWR7KHDJJUHJDWLRQRILQGLYLGXDO
&$& YDOXHV IRU HQWLWLHV XXXX ZLOO LGHQWLI\ WKH
&$& YDOXHIRU Y 
&DWHJRU\ 8WLOLW\ &8 7KLV DSSURDFK ZDV SUH
VHQWHG LQ >@ DV DQ DOWHUQDWLYH PHWULF IRU REWDLQLQJ
FDWHJRULHVDW WKHEDVLF OHYHOREMHFW7KHPHWULF WDNHV
LQWRDFFRXQWWKDWDFDWHJRU\LVXVHIXOLILWFDQLPSURYH
WKHDELOLW\WRSUHGLFWWKHDWWULEXWHVIRUPHPEHUVRIWKH
FDWHJRU\LHDJRRGFDWHJRU\ZLOOKDYHPDQ\DWWULE
XWHVVKDUHGE\LWVPHPEHUVDVPHQWLRQHGLQWKHFDWH
JRU\DWWULEXWH FROORFDWLRQ PHWULF DQG DW WKH VDPH
WLPHLWSRVVHVVµXQLTXH¶DWWULEXWHVWKDWDUHQRWUHODWHG
WRPDQ\RWKHUFDWHJRULHVLQWKHJUDSK,QRWKHUZRUGV
&8JLYHVSUHIHUHQFHWRDFDWHJRU\WKDWKDYHXQLTXHDW
WULEXWHVDVVRFLDWHGRQO\ZLWKWKHFDWHJRU\¶VPHPEHUV
:HDGDSWWKHIRUPXODLQ>@IRUDGDWDJUDSK
 
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&RQWLQXLQJWKHSUHYLRXVH[DPSOHIURP)LJXUHIRU
FDOFXODWLQJWKH $9 DQGWKH &$& YDOXHVIRUHQWLW\X
LQDGGLWLRQWRWKHFDWHJRU\IHDWXUHFROORFDWLRQPHDVXUH

7KHLPSOHPHQWDWLRQDOJRULWKPFDQEHIRXQGLQ>@
XVHGE\WKH &$& YDOXHWKH &8 ZLOODOVRLQFOXGHWKH
SURSRUWLRQRIDOOWULSOHVEHWZHHQWKHVXEMHFWHQWLW\X
DQGDOOWKHREMHFWHQWLWLHVLQWKHJUDSKLHHQWLWLHV Y 
Y  Y  OLQNHG YLD UHODWLRQVKLS ' LH  WULSOHV RYHU
WKHQXPEHURIHQWLWLHVOLQNHGYLDVXEVXPSWLRQUHODWLRQ
VKLSVHJUGIVVXE&ODVV2IDQGUGI W\SH
LQ WKH JUDSK LH WRWDO  HQWLWLHV +HQFH WKH &8 
YDOXHIRUXZLOOEH 7KHDJJUH
JDWLRQRI &8 YDOXHVIRUHQWLWLHVXXXXPXOWLSOLHG
E\ WKH WRWDO QXPEHU RIPHPEHUVRI FDWHJRU\ Y GL
YLGHG E\ WKH WRWDO QXPEHU RI HQWLWLHV LQ WKH JUDSK
OLQNHGYLDWKHVXVEVXPSWLRQUHODWLRQVKLSVZLOO UHVXOW
LQWKH &8 YDOXHIRU Y 
+RPRJHQHLW\0HWULFV
7KHVH PHWULFV DLP WR LGHQWLI\ FDWHJRULHV ZKRVH
PHPEHUVVKDUHPDQ\HQWLWLHVDPRQJHDFKRWKHU,QWKLV
ZRUNZHKDYHXWLOLVHGWKUHHVHWEDVHGVLPLODULW\PHW
ULFV>@&RPPRQ1HLJKERXUV&1-DFFDUG-DF
DQG&RVLQH&RV:HKDYHVHOHFWHG WKHVH VLPLODULW\
PHWULFVVLQFHWKH\DUHZHOONQRZQDQGKDYHEHHQSUH
YLRXVO\XVHGIRUPHDVXULQJVLPLODULW\EHWZHHQHQWLWLHV
LQOLQNHGGDWDJUDSKVHJ-DFFDUGVLPLODULW\ZDVXVHG
LQ>@WRPHDVXUHWKHVLPLODULW\EHWZHHQWZRSDWWHUQV
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7RREWDLQDVHWRIKXPDQ%/2'*XVHGWREHQFKPDUN
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OLVWLVDYDLODEOHKHUH>@$SSO\LQJWKHK\EULGLVDWLRQ
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TXDUWLOHRIWKHFODVVKLHUDUFK\DQGKDGDVPDOOQXPEHU
RI VXEFODVVHV HJ +DUPRQLFD %DQMR DQG
&HOORHDFKKDYHRQO\RQHVXEFODVVDQGWKHUHDUHQR
GRPDLQVSHFLILF UHODWLRQVKLSV ZLWK WKHLU PHPEHUV
6LPLODUO\ QRQH RI WKH PHWULFV SLFNHG 7URPERQH
ZKLFK LV IDOVHQHJDWLYH  DOWKRXJK7URPERQHKDV
WKUHHVXEFODVVHVLWLVOLQNHGRQO\WRRQHSHUIRUPDQFH
DQG LV QRW OLQNHG WR DQ\ '%SHGLD FDWHJRULHV :KLOH
WKHVHHQWLWLHVEHORQJWRWKHFRJQLWLYHVWUXFWXUHVRIKX
PDQVDQGZHUH WKHUHIRUHDGGHGLQ WKHEHQFKPDUNLQJ
VHWVRQHFRXOGGRXEWZKHWKHUVXFKHQWLWLHVZRXOGEH
XVHIXOH[SORUDWLRQDQFKRUVEHFDXVHWKH\DUHQRWVXIIL
FLHQWO\ SUHVHQWHG LQ WKH GDWD JUDSK 7KHVH HQWLWLHV
ZRXOGWDNHWKHXVHUWR¶GHDGHQGV¶ZLWKXQSRSXODWHG
DUHDV ZKLFK PD\ EH FRQIXVLQJ IRU H[SORUDWLRQ :H
WKHUHIRUHDUJXH WKDW VXFK)1 FDVHV FRXOGEH VHHQ DV
µJRRGPLVVHV¶RIDOJRULWKPV
6HOHFWLQJ HQWLWLHV WKDW DUH VXSHURUGLQDWH RI EDVLF
OHYHOHQWLWLHV7KH)3LQFOXGHGHQWLWLHVVXFKDV7DP
EXUD5HHGV%DVV%UDVV&DVWDQHWVDQG
:RRGZLQG ZKLFK DUH ZHOO SUHVHQWHG LQ WKH JUDSK
KLHUDUFK\HJ5HHGVKDVVXEFODVVHVOLQNHGWR
'%SHGLDFDWHJRULHV%UDVVKDVVXEFODVVHVOLQNHG
WR  '%SHGLD FDWHJRULHV :RRGZLQG KDV  VXE
FODVVHV OLQNHGWR'%SHGLDFDWHJRULHV$OVR WKHLU
PHPEHUV SDUWLFLSDWH LQ PDQ\ GRPDLQVSHFLILF UHOD
WLRQVKLSV HJ5HHGV PHPEHUVDUH OLQNHG WR 
SHUIRUPDQFHV%UDVVDQG:RRGZLQG
$OWKRXJK WKHVH HQWLWLHV DUH QRW FORVH WR WKH KXPDQ
FRJQLWLYH VWUXFWXUHV WKH\ SURYLGH GLUHFW OLQNV .$'*
HQWLWLHVIURPWKHEHQFKPDUNLQJVHWVHJ5HHGVOLQNV
WR$FFRUGLRQ%UDVV OLQNV WR 7UXPSHW DQG
:RRGZLQG OLQNV WR )OXWH:HWKHUHIRUHDUJXH
WKDWVXFK)3FDVHVFRXOGEHVHHQDVµJRRGSLFNV¶RIWKH
DOJRULWKPV EHFDXVH WKH\ FDQ SURYLGH H[SORUDWLRQ
EULGJHVWRUHDFK%/2
7KHJHQHUDWHG.$'*DIWHUDSSO\LQJK\EULGLVDWLRQLV
XVHG IRU JHQHUDWLQJ GDWD JUDSK H[SORUDWLRQ SDWKV DV
SUHVHQWHGLQWKHQH[WVHFWLRQ
([SORUDWLRQ6WUDWHJLHV%DVHGRQ6XEVXPSWLRQ
,Q WKLV VHFWLRQ ZH GHVFULEH KRZ ZH XVH .$'* WR
JHQHUDWHQDYLJDWLRQSDWKVIROORZLQJRQWKHVXEVXPS
WLRQWKHRU\IRUPHDQLQJIXOOHDUQLQJVHHVHFWLRQ
7RGRWKLVZHKDYHWRDGGUHVVWZRFKDOOHQJHV
&KDOOHQJHKRZWRILQGWKHFORVHVWNQRZOHGJHDQ
FKRUWRWKHILUVWHQWLW\RIDQH[SORUDWLRQSDWK",QXQL
IRFDOEURZVLQJSLYRWLQJDXVHUVWDUWVKLVKHUH[SOR
UDWLRQIURPDVLQJOHHQWLW\LQWKHJUDSKDOVRUHIHUUHG
DVDILUVWHQWLW\YVRIDQH[SORUDWLRQSDWK)RUH[DPSOH
DXVHUZKRZDQWVWRH[SORUHLQIRUPDWLRQDERXWWKHPX
VLFDO LQVWUXPHQW;\ORSKRQH LVGLUHFWHGWRXVH0X
VLF3LQWDVHPDQWLFGDWDEURZVHU7KHXVHUVWDUWVKLVKHU
H[SORUDWLRQE\HQWHULQJWKHQDPHRI;\ORSKRQH LQ
0XVLF3LQWD6HPDQWLFVHDUFKLQWHUIDFHVHH)LJXUH
;\ORSKRQHLVWKHILUVWHQWLW\RIDQH[SORUDWLRQSDWK
7R VWDUW WKH VXEVXPSWLRQSURFHVV WKHXVHUKDV WREH
GLUHFWHGIURPWKLVILUVWHQWLW\WRDVXLWDEOHNQRZOHGJH
DQFKRULQWKHGDWDJUDSKIURPZKHUHOLQNVWRQHZHQ
WLWLHV FDQ EH PDGH +RZHYHU WKHUH FDQ EH VHYHUDO
NQRZOHGJHDQFKRUVLQDGDWDJUDSKKHQFHZHQHHGD
PHFKDQLVP WR LGHQWLI\ WKHFORVHVW NQRZOHGJHDQFKRU
Y.$ WRWKHILUVWHQWLW\YV:HSURSRVHDQDOJRULWKPWR
ILQGWKHFORVHVWDQGPRVWUHOHYDQWNQRZOHGJHDQFKRU
SUHVHQWHGLQVHFWLRQ
&KDOOHQJHKRZWRXVHWKHFORVHVWNQRZOHGJHDQ
FKRUWRVXEVXPHQHZFODVVHQWLWLHVIRUJHQHUDWLQJDQ
H[SORUDWLRQSDWK"7KHFORVHVWNQRZOHGJHDQFKRUXVX
DOO\FDQKDYHPDQ\VXEFODVVHQWLWLHVDWGLIIHUHQWOHYHOV
RIDEVWUDFWLRQV,WLVLPSRUWDQWWRLGHQWLI\ZKLFKVXE
FODVVHVWRVXEVXPHDQGLQZKDWRUGHUZKLOHJHQHUDWLQJ
DQH[SORUDWLRQSDWKIRUWKHXVHU)XUWKHUPRUHZHDOVR
QHHGWRLGHQWLI\DSSURSULDWHQDUUDWLYHVFULSWVEHWZHHQ
WKHHQWLWLHVLQWKHH[SORUDWLRQSDWKWRKHOSOD\PDQXV
HUVWRFUHDWHPHDQLQJIXOUHODWLRQVKLSVEHWZHHQIDPLO
LDUHQWLWLHVWKH\DOUHDG\NQRZ2XUDOJRULWKPIRUJHQ
HUDWLQJ DQ H[SORUDWLRQ SDWK DQG WKH FRUUHVSRQGLQJ
WUDQVLWLRQQDUUDWLYHVLVSUHVHQWHGLQVHFWLRQ
)LQGLQJWKH&ORVHVW.$'*
/HWYVEH WKH ILUVWHQWLW\RIDQH[SORUDWLRQSDWK,W
FDQEHDQ\FODVVHQWLW\LQWKHFODVVKLHUDUFK\,IYVLVD
NQRZOHGJHDQFKRUYV.$'*WKHQWKHUHLVQRQHHG
WRLGHQWLI\WKHFORVHVWNQRZOHGJHDQFKRUDQGWKHVXE
VXPSWLRQSURFHVVFDQVWDUWLPPHGLDWHO\IURPYV+RZ
HYHU LI YV LV QRW D NQRZOHGJH DQFKRU YV .$'*
WKHQYVFDQEHVXSHURUGLQDWHVXERUGLQDWHRUVLEOLQJ
RIRQHRUPRUHNQRZOHGJHDQFKRUV+HQFHDQ DXWR
PDWLFDSSURDFKIRULGHQWLI\LQJWKHFORVHVWNQRZOHGJH
DQFKRUY.$WRYVLVUHTXLUHG)RUWKLVZHFDOFXODWHWKH
VHPDQWLF VLPLODULW\EHWZHHQYVDQGHYHU\NQRZOHGJH
DQFKRU YL.$'*7KH VHPDQWLF VLPLODULW\ EHWZHHQ
WZRHQWLWLHVLQWKHFODVVKLHUDUFK\LVEDVHGRQWKHLUGLV
WDQFHVLHOHQJWKRIWKHGDWDJUDSKWUDMHFWRU\EHWZHHQ
ERWKHQWLWLHV'XHWRWKHIDFWWKDWFODVVKLHUDUFKLHVH[
LVWLQPRVWGDWDJUDSKVZHDGRSWWKHVHPDQWLFVLPLODU
LW\PHWULFIURP>@DQGXVHGLQ>@DQGDSSO\LW LQ
WKHFRQWH[WRIDGDWDJUDSKZKHUHVHPDQWLFVLPLODULW\
LVEDVHGRQWKHOHQJWKVEHWZHHQWKHHQWLWLHVLQWKHFODVV
KLHUDUFK\ 7KH VHPDQWLF VLPLODULW\ EHWZHHQYV DQGD
NQRZOHGJHDQFKRUYLLVFDOFXODWHGDV


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ZKHUH OFDYVYLLV WKH OHDVWFRPPRQDQFHVWRURIYV
DQGYL DQGGHSWKY LVD IXQFWLRQ IRU LGHQWLI\LQJ WKH
GHSWKRIWKHHQWLW\YLQWKHFODVVKLHUDUFK\
$OJRULWKP , GHVFULEHV KRZ WKH VHPDQWLF VLPLODULW\
PHWULFLVDSSOLHGWRLGHQWLI\Y.$7KHDOJRULWKPWDNHVD
GDWDJUDSKWKHILUVWHQWLW\YVRIDQH[SORUDWLRQSDWKDQG
D VHW RI NQRZOHGJH DQFKRUV .$'* DV DQ LQSXW DQG
LGHQWLILHVWKHFORVHVWNQRZOHGJHDQFKRUY.$ .$'*
ZLWKKLJKHVWVHPDQWLFVLPLODULW\YDOXHWRYV
$OJRULWKP,,GHQWLI\LQJ&ORVHVW.$'*
,QSXW `^  L'*V YYY.$9Y7(9'*  ²¢ 
2XWSXW Y.$ ± FORVHVW NQRZOHGJH DQFKRU ZLWK KLJKHVW VHPDQWLFVLPLODULW\WRYV
 LI '*V .$Y  WKHQYVLVDNQRZOHGJHDQFKRU
  V.$ YY   
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 6 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  ^`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  B LV YYDQFHVWRUVFRPPRQ&$m 
 IRUDOO &$YFD IRUDOOFRPPRQDQFHVWRUV
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 LFD YYOHQJWK/ m OHQJWKEHWZHHQYFDDQGYL
 HQGIRU
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 HQGIRU
  L.$ YY   ZLWKPD[LPXPVLPLODULW\YDOXHLQOLVW6
 HQGLI
,I WKH ILUVW HQWLW\YV EHORQJV WR WKH VHW RINQRZOHGJH
DQFKRUVYV.$'*OLQHWKHQWKHILUVWHQWLW\YVLV
LGHQWLILHGDVWKHFORVHVWNQRZOHGJHDQFKRUY.$OLQH
+RZHYHULIWKHILUVWHQWLW\YVGRHVQRWEHORQJWRWKHVHW
RI NQRZOHGJH DQFKRUV OLQH  WKHQ WKH IROORZLQJ
VWHSVDUHFRQGXFWHG
7KH DOJRULWKP LQLWLDOLVHV D OLVW 6 WR VWRUH VHPDQWLF
VLPLODULW\ YDOXHV EHWZHHQ YV DQG HYHU\ NQRZOHGJH
DQFKRUYL .$'*OLQH
)RUHYHU\NQRZOHGJHDQFKRUYL .$'*OLQHWKH
DOJRULWKPLQLWLDWHV WZR OLVWV OLVW&$ IRUVWRULQJWKH
FRPPRQDQFHVWRUVLHFRPPRQVXSHUFODVVHVRIYV
DQGYL OLQHDQGOLVW / IRUVWRULQJWKHWUDMHFWRU\
OHQJWKV EHWZHHQ WKH FRPPRQ DQFHVWRUV LQ OLVW &$
DQGWKHNQRZOHGJHDQFKRUYLOLQH
7KH DOJRULWKP LQ OLQH  XVHV D IXQFWLRQ FRP
PRQBDQFHVWRUVYVYL ZKLFK UHWULHYHV DOO FRPPRQ
DQFHVWRUVRIYVDQGYL LQ WKHFODVVKLHUDUFK\YLD WKH
IROORZLQJ63$54/DQGVWRUHVWKHPLQOLVW&$6(/(&7GLVWLQFW"FRPPRQBDQFHVWRU:+(5(^
YVUGIVVXE&ODVV2I"FRPPRQBDQFHVWRU
YLUGIVVXE&ODVV2I"FRPPRQBDQFHVWRU`
)RUHYHU\FRPPRQDQFHVWRULQOLVW&$OLQHWKH
DOJRULWKPLGHQWLILHVWKHOHQJWKRIWKHGDWDJUDSKWUD
MHFWRULHVEHWZHHQYLDQGHDFKRIWKHFRPPRQDQFHV
WRUVYFDLQOLVW&$YLDWKHIROORZLQJ63$54/6(/(&7FRXQW"LQWHUPHGLDWHDV"OHQJWK:+(5(^
YLUGIVVXE&ODVV2I"LQWHUPHGLDWH
"LQWHUPHGLDWHUGIVVXE&ODVV2IYFD`
7KHFRPPRQDQFHVWRUYFDZLWKOHDVWWUDMHFWRU\OHQJWK
WRYLLQOLVW/LVLGHQWLILHVDVWKHOHDVWFRPPRQDQFHV
WRUYOFDOLQH
7KHQWKHVHPDQWLFVLPLODULW\PHWULF)RUPXODLV
DSSOLHG OLQH  7KH PHWULF LQFOXGHV LGHQWLI\LQJ
GHSWKVRIYVYLDQGYOFD7KHGHSWKRIDQHQWLW\YLV
LGHQWLILHGXVLQJWKHIROORZLQJ63$54/6(/(&7FRXQW"LQWHUPHGLDWHDV"GHSWK:+(5(^
YUGIVVXE&ODVV2I"LQWHUPHGLDWH
"LQWHUPHGLDWHUGIVVXE&ODVV2I U `
ZKHUH U LVWKHURRWHQWLW\LQWKHGDWDJUDSK
7KHVHPDQWLFVLPLODULW\YDOXHLVWKHQLQVHUWHGLQWRWKH
OLVW 6 OLQH  DQG WKH NQRZOHGJH DQFKRU ZLWK WKH
KLJKHVW VLPLODULW\ YDOXH WR WKH ILUVW HQWLW\ YV ZLOO EH
LGHQWLILHGDVFORVHVWNQRZOHGJHDQFKRUY.$OLQH
6XEVXPSWLRQ8VLQJ&ORVHVW.QRZOHGJH$QFKRU
7KH FORVHVW NQRZOHGJH DQFKRUY.$ LV XVHG WR VXE
VXPHQHZFODVVHQWLWLHVDQGWRJHQHUDWHWUDQVLWLRQQDU
UDWLYHVLQWKHH[SORUDWLRQSDWK7DEOHGHVFULEHVWKH
GLIIHUHQWQDUUDWLYH W\SHVXVHGEHWZHHQHQWLWLHVZKLOH
JHQHUDWLQJDQH[SORUDWLRQSDWK
7DEOH1DUUDWLYHW\SHVRIWUDQVLWLRQVEHWZHHQHQWLWLHVLQDQ
H[SORUDWLRQSDWK
1DUUDWLYH
7\SH
)URP
HQWLW\
7RHQ
WLW\ 'HVFULSWLRQ
2XWSXWVFULSW)URPBHQWLW\
1DUUDWLYHW\SH7RBHQWLW\
1  YV Y.$ YVLVVXEFODVVRIY.$
³<RXPD\ILQGLWXVHIXOWRNQRZ
WKDWYVEHORQJVWRDIDPLOLDUDQGZHOONQRZQFODVV±Y.$/HW
VH[SORUHY.$´
1  YV Y.$ YVLVVXSHUFODVVRIY.$
³<RXPD\ILQGLWXVHIXOWRNQRZ
WKDWWKHUHLVDZHOONQRZQFODVV
±Y.$WKDWEHORQJVWRYV
/HW
VH[SORUHY.$´
1  YV Y.$ YVDQGY.$$UHVLEOLQJV
³<RXPD\ILQGLWXVHIXOWRNQRZ
WKDWYVLVVLPLODUWRDZHOONQRZQFODVV±Y.$/HW
VH[SORUHY.$´
1  Y.$ Yƍ.$
Yƍ.$LVVXEFODVVRIY.$DQGVXSHUFODVVRIYV
³<RXPD\ILQGLWXVHIXOWRNQRZ
WKDWYƍ.$EHORQJVWRY.$DQGYVEHORQJVWRYƍ.$/HW
VH[SORUHYƍ.$´
1  Y.$ Yފ.$
Yފ.$LVVXEFODVVRIY.$DQGQRWVXSHUFODVVRI VY 
³<RXPD\ILQGLWXVHIXOWRNQRZ
WKDWYފ.$EHORQJVWRY.$/HW
V
H[SORUHYފ.$´
$OJRULWKP,,GHVFULEHVRXUDSSURDFKIRUJHQHUDWLQJH[
SORUDWLRQ SDWKV XVLQJ WKH VXEVXPSWLRQ WKHRU\ IRU
PHDQLQJIXOOHDUQLQJ
$OJRULWKP,,6XEVXPSWLRQ8VLQJ&ORVHVW.$'*
,QSXW ²¢ 7(9'*   9YV   '*.$ .$Y   P  OHQJWKRI
H[SORUDWLRQSDWK H  UGIVVXE&ODVV2I
2XWSXWDQH[SORUDWLRQSDWK3RIOHQJWKP
 ^` 3 HPSW\H[SORUDWLRQSDWK3
 LI ²¢ .$V YHY  WKHQYVLVVXEFODVVRIY.$
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 .$9VRUW'HSWK4 cmc 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  @>  ²c¢m L41VFULSWY3 .$ LQVHUWQDUUDWLYH
  P UHGXFHOHQJWKRI3E\RQH
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 HQGLI
 .$9 cc LVDOO 4YYHYY .$.$.$.$ ccc²cc¢cc  
 ^` cc4 
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 HQGIRU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 HQGLI
7KHDOJRULWKPWDNHVDGDWDJUDSK'*WKHILUVWHQWLW\
YVWKHFORVHVWNQRZOHGJHDQFKRUY.$WKHOHQJWKRIDQ
H[SORUDWLRQ SDWK P DQG WKH HGJH ODEHO H  
UGIVVXE&ODVV2I DV DQ LQSXW DQG JHQHUDWHV DQ
H[SORUDWLRQSDWK3RI OHQJWKP7KHDOJRULWKPVWDUWV
E\ LQLWLDOLVLQJ DQ HPSW\ H[SORUDWLRQ SDWK 3 OLQH 
XVHG WR VWRUH P WUDQVLWLRQ QDUUDWLYHV 7KHQ WKH DOJR
ULWKPVWDUWVLGHQWLI\LQJWKHUHODWLRQVKLSW\SHEHWZHHQ
YVDQGY.$ ,IYV LVDVXEFODVVRIY.$ OLQH WKHQ WKH
IROORZLQJVWHSVDUHFRQGXFWHG
7KH WUDQVLWLRQQDUUDWLYH ²¢ .$V Y1VFULSWY   IURPYV
WRY.$ LV LQVHUWHGLQWR3OLQHZKHUHWKHIXQFWLRQ
VFULSW1 UHWULHYHV WKH VFULSW RXWSXW IRU QDUUDWLYH
W\SH1IURP7DEOH7KHOHQJWKRIH[SORUDWLRQSDWK
PLVGHFUHDVHGE\RQHOLQH
7KHDOJRULWKPLQOLQHLGHQWLILHVWKHVHWRILQWHU
PHGLDWHFODVVHQWLWLHV9.$EHWZHHQYVDQGY.$XV
LQJWKHIROORZLQJ63$54/TXHU\6(/(&7GLVWLQFW"LQWHUPHGLDWH:+(5(^
ǀƐUGIVVXE&ODVV2I"LQWHUPHGLDWH
"LQWHUPHGLDWHUGIVVXE&ODVV2Iǀ<`
$ OLVW 4 LV FUHDWHG LQ OLQH  DQG WKH IXQFWLRQ
VRUW'HSWK VRUWV WKH FODVV HQWLWLHV .$.$ 9Y cc EDVHG
RQWKHLUGHSWKVVWDUWLQJIURPWKHOHDVWGHSWKFODVVHQ
WLW\LHGLUHFWVXEFODVVRIY.$WRKLJKHVWGHSWKLQDV
FHQGLQJ RUGHU DQG LQVHUWV WKH VRUWHG FODVV HQWLWLHV
LQWROLVW 4c OLQH7KHIXQFWLRQVRUW'HSWKLGHQ
WLILHVWKHGHSWKRIDFODVVHQWLW\Y.$YLDWKHIROORZLQJ
63$54/TXHU\6(/(&7FRXQW"LQWHUPHGLDWHDV
"GHSWK:+(5(^
 .$Y c UGIVVXE&ODVV2I"LQWHUPHGLDWH
"LQWHUPHGLDWHUGIVVXE&ODVV2I U `
ZKHUH U LVWKHURRWHQWLW\LQWKHGDWDJUDSK
7KHDOJRULWKPLQOLQHV±XVHVWKHFORVHVWY.$WR
VXEVXPHWKHFODVVHQWLWLHVLQ47KHWUDQVLWLRQQDU
UDWLYH ²c¢ @>  L41VFULSWY.$ IURPY.$WR @>L4c LH
.$Yc  LV LQVHUWHG LQWR 3 OLQH  ZKHUH WKH IXQFWLRQ
VFULSW1 UHWULHYHV WKH VFULSW RXWSXW IRU QDUUDWLYH
W\SH1 IURP7DEOH 7KH OHQJWKRI WKHSDWKP LV
GHFUHDVHGE\RQHOLQH
,IYVLVVXSHUFODVVRIY.$OLQHVWKHQWKHWUDQVLWLRQ
QDUUDWLYH ²¢ .$V Y1VFULSWY   IURPYV WRY.$ LVLQVHUWHG
LQWR3OLQHZKHUHWKHIXQFWLRQVFULSW1UHWULHYHV
WKHVFULSWRXWSXW IRUQDUUDWLYH W\SH1 IURP7DEOH
/HQJWKPRI3LVGHFUHDVHGE\RQHOLQH,IYVDQG
Y.$DUHVLEOLQJVOLQHWKHQWKHWUDQVLWLRQQDUUDWLYH
²¢ .$V Y1VFULSWY   IURP YV WR Y.$ LV LQVHUWHG LQWR 3
OLQH  ZKHUH WKH IXQFWLRQ VFULSW1 UHWULHYHV WKH
VFULSW RXWSXW IRU QDUUDWLYH W\SH 1 IURP 7DEOH 
/HQJWKPSI3LVGHFUHDVHGE\RQHOLQH
$IWHU LGHQWLI\LQJWKHUHODWLRQVKLSEHWZHHQ YVDQG
Y.$WKHIROORZLQJVWHSVDUHFRQGXFWHG
,GHQWLI\WKHVHWRIVXEFODVVHQWLWLHV .$9 cc RIY.$ZKLFK
GRQRWEHORQJWR 4c OLQH$OLVW4 cc LVFUHDWHGLQ
OLQHDQGWKHIXQFWLRQ HQVLW\VRUW'HSWK' VRUWV
WKH FODVV HQWLWLHV .$.$ 9Y cccc EDVHG RQ WZR WKHLU
GHSWKVDQGGHQVLW\DVWKHIROORZLQJVWHSV
L ,GHQWLI\WKHGHSWKRIWKHFODVVHQWLWLHVVLPLODUWR
IXQFWLRQVRUW'HSWKGHVFULEHGDERYH
LL,GHQWLI\ WKHGHQVLW\XVLQJGHJUHHFHQWUDOLW\RI
WKHFODVVHQWLWLHVEDVHGRQQXPEHURIVXEFODVVHV
LLL6RUWWKHFODVVHQWLW\VWDUWLQJIURPWKHOHDVWGHSWK
LHGLUHFWVXEFODVVHVRIY.$WRKLJKHVWGHSWKLQ
DVFHQGLQJ RUGHU DQG IURP KLJKHVW GHQVLW\ WR
OHDVWGHQVLW\LHILUVWVRUWXVLQJGHSWKLIWZRRU
PRUH HQWLWLHV DUH DW WKH VDPH GHSWK WKHQ VRUW
WKHVHHQWLWLHVEDVHGRQWKHLUGHQVLW\IURPKLJKHVW
WRORZHVW7KHVRUWHGFODVVHQWLWLHVDUHLQVHUWHG
LQWROLVW 4 cc OLQH
7KHDOJRULWKPLQOLQHV±XVHVY.$WRVXEVXPH
WKH FODVV HQWLWLHV LQ 4 cc  7KH WUDQVLWLRQ QDUUDWLYH
²cc¢ @>  M41VFULSWY.$ IURPY.$WR @> M4 cc LH .$Y cc 
LV LQVHUWHG LQWR 3 OLQH  ZKHUH WKH IXQFWLRQ
VFULSW1 UHWULHYHV WKH VFULSW RXWSXW IRU QDUUDWLYH
W\SH1IURP7DEOH7KHOHQJWKRIH[SORUDWLRQSDWK
PLVGHFUHDVHGE\RQHOLQH
(YDOXDWLRQRIWKH6XEVXPSWLRQ$OJRULWKP
7R HYDOXDWH WKH VXEVXPSWLRQ DOJRULWKP ZH FRQ
GXFWHG DQ H[SHULPHQWDO VWXG\ WR H[DPLQH WKH
NQRZOHGJHXWLOLW\DQGXVDELOLW\RIWKHJHQHUDWHGH[SOR
UDWLRQSDWKV:HZLOOFRPSDUHWZRFRQGLWLRQV
([SHULPHQWDOFRQGLWLRQ(&ZKHUHXVHUVIROORZ
H[SORUDWLRQ SDWKV DXWRPDWLFDOO\ JHQHUDWHG XVLQJ WKH
VXEVXPSWLRQDOJRULWKPSUHVHQWHGLQVHFWLRQ
&RQWUROFRQGLWLRQ&&ZKHUHXVHUVSHUIRUPIUHH
H[SORUDWLRQDQGDUHIUHHWRVHOHFWHQWLWLHVWRH[SORUH
$FRQWUROOHGWDVNGULYHQXVHUVWXG\LVFRQGXFWHGWR
H[DPLQHWKHIROORZLQJK\SRWKHVHV
+ 8VHUV ZKR IROORZ (& H[SDQG WKHLU GRPDLQ
NQRZOHGJH
+7KHH[SDQVLRQLQWKHXVHUV¶NQRZOHGJHZKHQIRO
ORZLQJ(&LVKLJKHUWKDQZKHQIROORZLQJ&&
+7KHXVDELOLW\ZKHQ(&LVIROORZHGLVKLJKHUWKDQ
ZKHQ&&LVIROORZHG
'DWD*UDSK([SORUDWLRQ7DVN
'HVLJQLQJH[SORUDWLRQWDVNVIRUXVHUVLVFRQVLGHUHG
DQLPSRUWDQWUHTXLUHPHQWIRUHYDOXDWLQJGDWDH[SORUD
WLRQDSSURDFKHV>@$W\SLFDOH[SORUDWLRQWDVNKDVWR
EHJHQHULFLHWKHVFRSHRIWKHWDVNLVEURDGDQGWKH
XVHUGRQ¶W KDYHVSHFLILF LQIRUPDWLRQ QHHGV UHDOLVWLF
LHUHDOOLIHWDVNWKDWVHWLQDIDPLOLDUVLWXDWLRQGLV
FRYHU\RULHQWHG LH XVHUV WUDYHO EH\RQG ZKDW WKH\
NQRZRSHQHQGHGLHUHTXLUHVDVLJQLILFDQWDPRXQW
RIH[SORUDWLRQZKHUHRSHQHQGHGQHVVUHODWHVWRXQFHU
WDLQW\ RYHU WKH LQIRUPDWLRQ DYDLODEOH RU LQFRPSOHWH
LQIRUPDWLRQRQWKHQDWXUHRIWKHVHDUFKWDVNDQGVHW
LQDQXQIDPLOLDUGRPDLQIRUWKHXVHU>@,QWKLV
ZRUNZHIROORZDWZRVWHSDSSURDFKVLPLODUWR>@
WRGHVLJQDGDWDH[SORUDWLRQWDVNIRUWKHVWXG\SDUWLFL
SDQWV 7KH DSSURDFK LQYROYHV L 'HVLJQLQJ D WDVN
WHPSODWHWKDWSODFHVWKHSDUWLFLSDQWLQDIDPLOLDUVLWXD
WLRQ ZKLFK LQYROYHV H[SORULQJ PXOWLSOH HQWLWLHV LQDQ
XQIDPLOLDUGRPDLQRUWRSLFHJDUHVHDUFKHUDWDXQL
YHUVLW\ WKDW ZDQWV WR ZULWH D UHVHDUFK SDSHU DERXW D
QHZ WRSLF DQG LL ,GHQWLI\LQJ XQIDPLOLDU FDQGLGDWH
HQWLWLHV HJ ILQG QHZ UHVHDUFK WRSLF LQ WKH GRPDLQ
WKDWFRXOGEHSOXJJHGLQWRWKHWDVNWHPSODWH
2XUDLPZDVWRGHVLJQDJHQHULFWDVNWHPSODWHWKDW
HQFRXUDJHVOD\PDQXVHUV WRVHHNNQRZOHGJHLQDGR
PDLQXQIDPLOLDUWRWKHP7KHUHIRUHZHGHVLJQHGWKH
WDVN WHPSODWH LQ WKH FRQWH[W RI D JHQHUDO NQRZOHGJH
TXL] VKRZ ZKHUH OD\PDQ XVHUV QHHG WR DFTXLUH DV
PXFKNQRZOHGJHDVWKH\FDQ,QVSLUHGE\WKHWDVNWHP
SODWHV LQ >@ RXU WDVN WHPSODWH LQ 7DEOH ZDV GH
VLJQHGWRVXLWWKHPXVLFDOLQVWUXPHQWGRPDLQ
7DEOH7DVNWHPSODWHXVHGLQWKHH[SHULPHQWDOXVHUVWXG\
7DVNWHPSODWH
³,PDJLQHWKDW\RXDUHDPHPEHURIDWHDPZKLFKZLOO
WDNHSDUW LQDJHQHUDONQRZOHGJHTXL]VKRZ<RXKDYH
EHHQDVNHG WRH[SORUHWZRPXVLFDO LQVWUXPHQWV IRU
PLQXWHVLQRUGHUWRSUHSDUHDVKRUWSUHVHQWDWLRQWRGH
VFULEHWR\RXUWHDPZKDW\RXKDYHOHDUQHGDERXWWKHVH
LQVWUXPHQWV´
7KHVHFRQGVWHSLQGHVLJQLQJGDWDH[SORUDWLRQWDVN
ZDVWRLGHQWLI\XQIDPLOLDUHQWLWLHVLQWKHGRPDLQRIWKLV
XVHUVWXG\)RUWKLVZHUDQDTXHVWLRQQDLUHZLWKXVHUV
WRLGHQWLI\WKHXQIDPLOLDUHQWLWLHVLQWKH6WULQJ,Q
VWUXPHQW DQG:LQG ,QVWUXPHQW FODVVKLHUDU
FKLHV LQ WKH0XVLF3LQWDGDWD JUDSK7KHVH WZRFODVV
KLHUDUFKLHV KDYH WKH ULFKHVW FODVV UHSUHVHQWDWLRQ LQ
WHUPVRIWKHQXPEHURIFODVVHVDQGWKHKLHUDUFK\GHSWK
DVGLVFXVVHGLQ6HFWLRQDQGKDYHWKHKLJKHVWQXP
EHURINQRZOHGJHDQFKRUVDQFKRUVLQWKH6WULQJ
,QVWUXPHQWFODVVKLHUDUFK\DQGDQFKRUVLQWKH
:LQG,QVWUXPHQWFODVVKLHUDUFK\±RXWRIDQ
FKRUV LQ 0XVLF3LQWD GDWD JUDSK:H KDYH H[WUDFWHG
FODVVHQWLWLHVDWWKHERWWRPTXDUWLOHRIWKHWZRFODVVKL
HUDUFKLHVQRWHWKDWWKHGHSWKRIWKHWZRFODVVKLHUDU
FKLHVLV±VHH7DEOHDQGHQWLWLHVRIGHSWKRUDUH
FRQVLGHUHG WR EH DW WKH ERWWRP TXDUWLOH RI WKH GDWD
JUDSK7KLVLVEDVHGRQHDUOLHU&RJQLWLYHVFLHQFHVWXG
LHVDFNQRZOHGJLQJWKDWOD\PDQXVHUVDUHQRWIDPLOLDU

$FDGHPLFVDQGSULYDWH6HFWRUHPSOR\HHV%DQNLQJDQG$LUOLQHV
ZLWKVSHFLILFREMHFWVLQDGRPDLQ>@2YHUDOOFODVV
HQWLWLHVIURPWKH6WULQJ,QVWUXPHQWDQG:LQG
,QVWUXPHQWFODVVKLHUDUFKLHVZHUHXVHGLQWKHVXU
YH\7KHVHOHFWHGFODVVHVZHUHUDQGRPLVHGDQGGLVWULE
XWHGDPRQJWZHOYHSDUWLFLSDQWVZKRDUHQRWH[SHUWVLQ
WKHPXVLFDOLQVWUXPHQWVWKHSDUWLFLSDQWVKDYHOLPLWHG
NQRZOHGJHDERXWPXVLFDO LQVWUXPHQWVDQGPD\KDYH
VHHQWKHLQVWUXPHQWDQGQRQHRIWKHSDUWLFLSDQWVKDG
SOD\HGDQ\PXVLFDOLQVWUXPHQWV
7KHPRVWXQIDPLOLDULQVWUXPHQWIURPHDFKFODVVKL
HUDUFK\ ZDV%LZD FODVV KLHUDUFK\ 6WULQJ ,Q
VWUXPHQW RULJLQ -DSDQHVH DQG%DQVXUL FODVV
KLHUDUFK\:LQG,QVWUXPHQWRULJLQ,QGLDQ
([SHULPHQWDO6HWXS
3DUWLFLSDQWVSDUWLFLSDQWV LQFOXGLQJXQLYHUVLW\
VWXGHQWVDQGSURIHVVLRQDOVVWXGHQWVDQGSURIHV
VLRQDOVZHUHUHFUXLWHGRQDYROXQWDU\EDVLVDFRP
SHQVDWLRQRI$PD]RQYRXFKHUZDVRIIHUHG3DUWLF
LSDQWVYDULHGLQDJH±PHDQDJHLVDQGFXO
WXUDOEDFNJURXQG$XVWULDQ%ULWLVK&KLQHVH
*UHHN,WDOLDQ-RUGDQLDQ/LE\DQ0DOD\VLDQ
1LJHULDQ3ROLVK5RPDQLDQDQG6DXGL
0HWKRG:HUDQIRXURQOLQHVXUYH\VHDFKVXUYH\
KDGSDUWLFLSDQWVDQGHDFKSDUWLFLSDQWZDVDOORFDWHG
RQHVXUYH\)LJXUHVKRZVWKHRYHUDOOVWUXFWXUHRIWKH
XVHUVWXG\(DFKSDUWLFLSDQWH[SORUHGERWKPXVLFDOLQ
VWUXPHQWVLH%LZD%DQVXULZKHUHHDFKLQVWUX
PHQWLVDOORFDWHGWRDQH[SORUDWLRQVWUDWHJ\(&RU&&
)LJ6WUXFWXUHRIXVHUVWXG\WRH[DPLQH(&DJDLQVW&&LQWHUPV
RINQRZOHGJHXWLOLW\XVDELOLW\DQGFRJQLWLYHORDG
,QERWKWKHVWUDWHJLHVWKHSDUWLFLSDQWVH[SORUHGWKH
VDPHLQIRUPDWLRQLQFOXGLQJFDWHJRULHVIURPDVHPDQ
WLFGDWDEURZVHULHSDUWLFLSDQWV¶H[SORUHG 
'HVFULS
WLRQ

)HDWXUHV
DQG
5HOHYDQWLQIRUPDWLRQ
RIPXVLFDO
LQVWUXPHQWV±6HH)LJXUHVDQG7KHRUGHURI(&
DQG&&ZDVUDQGRPLVHGWRFRXQWHUEDODQFHWKHLPSDFW
7KHVWXG\ZDVFRQGXFWHGZLWK4XDOWULFVZZZTXDOWULFVFRP
RQ WKH UHVXOWV (YHU\ SDUWLFLSDQW VHVVLRQ ZDV FRQ
GXFWHG VHSDUDWHO\ DQG REVHUYHG E\ WKH DXWKRUV $OO
SDUWLFLSDQWV ZHUH DVNHG WR SURYLGH IHHGEDFN EHIRUH
GXULQJDQGDIWHUWKHLQWHUDFWLRQZLWK0XVLF3LQWD
7KHGLIIHUHQWVWDJHVRIWKHVWXG\DUHH[SODLQHGEHORZ
7DVNSUHVHQWDWLRQ>PLQ@±XWLOLVHWKHWDVNWHPSODWH
GHVFULEHGLQ6HFWLRQWRSUHVHQWWKHGDWDH[SORUD
WLRQWDVNIRUWKHXVHUVDWWKHEHJLQQLQJRIWKHLUH[SOR
UDWLRQVHVVLRQ:HXVHGWKHWDVNWHPSODWHLQ7DEOH
3UHVWXG\TXHVWLRQQDLUH>PLQ@FROOHFWHG LQIRU
PDWLRQ DERXW WKH SDUWLFLSDQWV¶ SURILOHV DQG WKHLU ID
PLOLDULW\ZLWKWKHPXVLFGRPDLQIRFXVLQJRQWKHWZR
PXVLFDOLQVWUXPHQWFODVVKLHUDUFKLHVZKLFKZRXOGEH
H[SORUHG±6WULQJ,QVWUXPHQWDQG:LQG,Q
VWUXPHQW7KHSDUWLFLSDQWV¶IDPLOLDULW\ZLWKWKHWZR
FODVVKLHUDUFKLHVYDULHGIURPORZWRPHGLXPWKHILJ
XUHV ZHUH  DQG  IRU ORZ IDPLOLDULW\ ZLWK
6WULQJ,QVWUXPHQWDQG:LQG,QVWUXPHQW
UHVSHFWLYHO\
*UDSKH[SORUDWLRQ>PLQ@± HDFKXVHUH[SORUHG
WKHWZRVWUDWHJLHVZKHUHHDFKVWUDWHJ\FRUUHVSRQGVWR
RQH RI WKH WZR XQIDPLOLDU LQVWUXPHQWV %LZD RU
%DQVXUL)LJXUHVKRZVDQH[DPSOHIRUJHQHUDW
LQJDQH[SORUDWLRQSDWKXQGHU(&IRUWKHLQVWUXPHQW
%LZD WKH ILUVW HQWLW\ RI WKH H[SORUDWLRQ SDWKXVLQJ
WKHFORVHVWNQRZOHGJHDQFKRU/XWH
7KHILUVWWUDQVLWLRQQDUUDWLYHLQWKHH[SORUDWLRQSDWK
LVEHWZHHQ WKH%LZD DQG WKHFORVHVW NQRZOHGJHDQ
FKRU/XWHXVLQJ1LQ7DEOH$IWHUWKDWWKHFORVHVW
NQRZOHGJHDQFKRU/XWHLVXVHGWRVXEVXPHQHZFODVV
HQWLWLHVDQGJHQHUDWHWUDQVLWLRQQDUUDWLYHVLQWKHH[SOR
UDWLRQSDWKXVLQJWKHQDUUDWLYHW\SHV1VXEVXPHLQ
WHUPHGLDWHFODVVHQWLWLHVEHWZHHQ/XWHDQG%LZD±
OLQHLQ$OJRULWKP,,DQG1VXEVXPHVXEFODVVHVRI
/XWH RWKHU WKDQ FODVV HQWLWLHV WKDW KDYH EHHQ VXE
VXPHGXVLQJ1±OLQHLQ$OJRULWKP,,

)LJ([WUDFWIURPWKH6WULQJ,QVWUXPHQWFODVVKLHUDUFK\
LQ0XVLF3LQWDVKRZLQJH[SORUDWLRQSDWKRI%LZD7KLVSDWKZDV
IROORZHGLQWKHH[SHULPHQWDOFRQGLWLRQ(&
7DEOHOLVWVWKHWUDQVLWLRQQDUUDWLYHVWKDWZHUHIRO
ORZHGLQJHQHUDWLQJWKHH[SORUDWLRQSDWKIRU%LZD
7DEOH7UDQVLWLRQQDUUDWLYHVXVHGIRUJHQHUDWLQJWKHH[SORUDWLRQ
SDWKIRU%LZD
7UDQVLWLRQ1DUUDWLYHV
IRUSDWKRI%LZD
1DUUDWLYH6FULSW
²¢ .$V Y1VFULSWY    <RXPD\ILQGLWXVHIXOWRNQRZWKDWµ%LZD¶EHORQJVWRDIDPLOLDUDQG
ZHOONQRZQLQVWUXPHQWFDOOHG
µ/XWH¶/HW
VH[SORUHµ/XWH¶
²c¢ @>  41VFULSWY.$  <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDWµ2XG¶EHORQJVWRµ/XWH¶DQG
µ%LZD¶EHORQJVWRµ2XG¶/HW
V
H[SORUHµ2XG¶
²cc¢ @>  41VFULSWY.$ <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDWµ7DPEXUD¶EHORQJVWR
µ/XWH¶/HW
VH[SORUHµ7DPEXUD¶
²cc¢ @>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  41VFULSWY .$  <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDWµ3LSD¶EHORQJVWRµ/XWH¶
/HW
VH[SORUHµ3LSD¶
7DEOHVKRZVH[DPSOHVRIWKHHQWLWLHVWKDWZHUHIUHHO\
YLVLWHGLQWKHFRQWUROFRQGLWLRQIRU%LZD
7DEOH([DPSOHVRIHQWLWLHVWKHSDUWLFLSDQWVKDYHYLVLWHGGXULQJ
WKHLUIUHHH[SORUDWLRQRI%LZD
([DPSOH ([DPSOH ([DPSOH
%LZD %LZD %LZD
%RX]RXNL 6WULQJ
,QVWUXPHQWV
-DSDQHVH0XVL
FDO,QVWUXPHQWV
;DODP µ*XLWDU¶ /XWH
%DQMLWDU $FRXVWLF
*XLWDU
0RRQ/XWH
3OXFNHG6WULQJ
LQVWUXPHQWV
&ODVVLFDO
*XLWDU
%RX]RXNL
)LJXUHVKRZVDQH[DPSOHIRUJHQHUDWLQJWKHH[SOR
UDWLRQ SDWK XQGHU (& IRU WKH LQVWUXPHQWV%DQVXUL
WKH ILUVW HQWLW\ YV LQ WKH H[SORUDWLRQ SDWK XVLQJ WKH
FORVHVWNQRZOHGJHDQFKRU)OXWH

)LJ([WUDFWIURPWKH:LQG,QVWUXPHQWFODVVKLHUDUFK\LQ
0XVLF3LQWDVKRZLQJH[SORUDWLRQSDWKRI%DQVXUL7KLVSDWKZDV
IROORZHGLQH[SHULPHQWDOFRQGLWLRQ(&
7KHH[SORUDWLRQSDWKIRU%DQVXULZDVJHQHUDWHGXV
LQJ WKHFORVHVW NQRZOHGJHDQFKRU)OXWHDQGQDUUD
WLYHW\SHV11JLYHQLQ7DEOH7KHILUVWWUDQVLWLRQ
QDUUDWLYHLVEHWZHHQWKHILUVWHQWLW\%DQVXULDQGWKH
FORVHVWNQRZOHGJHDQFKRU)OXWHXVLQJ1LQ7DEOH
$IWHUWKDWWKHFORVHVWNQRZOHGJHDQFKRU)OXWHLV
XVHG WR VXEVXPH QHZ FODVV HQWLWLHV DQG WR JHQHUDWH
WUDQVLWLRQQDUUDWLYHVLQWKHH[SORUDWLRQSDWKXVLQJQDU
UDWLYHW\SH1VXEVXPHLQWHUPHGLDWHFODVVHQWLWLHVEH
WZHHQ)OXWH DQG%DQVXUL 7UDQVLWLRQQDUUDWLYHV
WKDWZHUHIROORZHGLQJHQHUDWLQJWKHH[SORUDWLRQSDWK
IRU%DQVXULDUHOLVWHGLQ7DEOH
7DEOH1DUUDWLYHVFULSWVXVHGIRUJHQHUDWLQJWKHH[SHULPHQWDOFRQ
GLWLRQ(&LHH[SORUDWLRQSDWKIRULQVWUXPHQW%DQVXUL
7UDQVLWLRQ1DUUDWLYHV
IRUSDWKRI%DQVXUL
1DUUDWLYH6FULSW
²¢ .$V Y1VFULSWY    <RXPD\ILQGLWXVHIXOWRNQRZWKDW
%DQVXUL
EHORQJVWRDIDPLOLDUDQG
ZHOONQRZQLQVWUXPHQWFDOOHG

)OXWH
/HW
VH[SORUH
)OXWH

²c¢ @>  41VFULSWY .$ <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDW
)LSSOH)OXWH
EHORQJVWR
)OXWH
DQG

%DQVXUL
EHORQJVWR
)LSSOH)OXWH

/HW
VH[SORUH
)LSSOH)OXWH

²c¢ @>  41VFULSWY.$ <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDWµ7UDQVYHUVH)OXWH
EHORQJVWR
)OXWH

DQG
%DQVXUL
EHORQJVWR
7UDQVYHUVH
)OXWH
/HW
VH[SORUH
7UDQVYHUVH)OXWH

²c¢ @>  41VFULSWY.$ <RXPD\DOVRILQGLWXVHIXOWRNQRZWKDWµ,QGLDQ%DPERR)OXWHV
EHORQJVWR

)OXWH
DQG
%DQVXUL
EHORQJVWR
,Q
GLDQ%DPERR)OXWHV
/HW
VH[SORUH
,Q
GLDQ%DPERR)OXWHV

7DEOHVKRZVH[DPSOHVRIWKHHQWLWLHVWKDWZHUHIUHHO\
YLVLWHGLQFRQWUROFRQGLWLRQ&&IRU%DQVXUL
7DEOH([DPSOHVRIHQWLWLHVWKHSDUWLFLSDQWVKDYHYLVLWHGGXULQJ
WKHLUIUHHH[SORUDWLRQRI%DQVXUL
([DPSOH ([DPSOH ([DPSOH
%DQVXUL %DQVXUL %DQVXUL
7UDQVYHUVH
)OXWH
)LSSOH)OXWH %DPERR0XVL
FDO,QVWUX
PHQWV
6DZ7UXFN &RQWUDEDVV
5HFRUGHU
6LGHEORZQ
)OXWH
)LSSOH)OXWH 5HFRUGHU &RQFHUW)OXWH
)OXWH'¶DPRXU *UHDWEDVV
UHFRUGHU
)LSSOH)OXWH
%RWK(&DQGWKH&&KDGWKHVDPHOHQJWK(&KDGIRXU
WUDQVLWLRQQDUUDWLYHVDQG&&KDGIRXUHGJHV:HDQ
DO\VHGNQRZOHGJHXWLOLW\DQGXVHUH[SORUDWLRQH[SHUL
HQFHXVLQJXVDELOLW\DVSHFWVDVVRFLDWHGZLWKWKHXVHU¶V

7KH OHQJWK RI IRXU HGJHV  HQWLWLHV LV EDVHG RQ 0LOOHU
V /DZ
>@ZKLFKLQGLFDWHVWKHQXPEHURIREMHFWVWKDWDQDYHUDJHKXPDQ
FDQKROGLQZRUNLQJPHPRU\LV
H[SORUDWLRQVHWWLQJVXQGHUWKHH[SHULPHQWDODQGFRQ
WUROFRQGLWLRQV
5HVXOWV
$SSUR[LPDWLQJ .QRZOHGJH 8WLOLW\ 7KH SDUWLFL
SDQWV¶NQRZOHGJHZDVPHDVXUHGEHIRUHDQGDIWHUHDFK
H[SORUDWLRQXVLQJWKHWKUHHTXHVWLRQVRIWKHVFKHPDDF
WLYDWLRQ WHVW UHODWHG WR WKH HQWLWLHV %LZD DQG
%DQVXULVHHVHFWLRQ%HIRUHH[SORUDWLRQQRQH
RIWKHXVHUVZHUHDEOHWRDUWLFXODWHDQ\LWHPOLQNHGWR
WKH WZR PXVLFDO LQVWUXPHQWV %LZD DQG%DQVXUL
XVLQJ WKH WKUHH FRJQLWLYH SURFHVVHV 7KH NQRZOHGJH
XWLOLW\IRUWKHWKUHHFRJQLWLYHSURFHVVEHIRUHDQGDIWHU
H[SORUDWLRQRI(&DQG&&LVVKRZQLQ)LJXUH

)LJ.QRZOHGJHXWLOLW\RIWKHWZRVWUDWHJLHV(&DQG&&RI
WKHXVHUFRJQLWLYHSURFHVVHVPHGLDQRIWKHNQRZOHGJHXWLOLW\RI
H[SORUDWLRQIRUDOOXVHUV
7KHNQRZOHGJHXWLOLW\RIWKHH[SORUDWLRQXQGHU(&
LQ WKH WKUHH FRJQLWLYH SURFHVVHVZDV KLJKHU WKDQ WKH
&& DQG WKLVGLIIHUHQFH LV VLJQLILFDQW 6HH7DEOH 
7KH UHVXOWVVKRZHGWKDWDOOSDUWLFLSDQWVZHUHDEOHWR
UHPHPEHUDQGFDWHJRULVHHQWLWLHVZLWK(&RQO\SDU
WLFLSDQWVFRXOGQ¶WFRPSDUHQHZHQWLWLHV:KHUHDVQRW
DOOSDUWLFLSDQWFRXOGUHPHPEHUFDWHJRULVHRUFRPSDUH
QHZHQWLWLHVDIWHUWKH\KDYHILQLVKHGWKHLUH[SORUDWLRQ
ZLWK&&WKHUHZHUHSDUWLFLSDQWVWKDWFRXOGQRWUH
PHPEHURUFDWHJRULVHQHZHQWLWLHVSDUWLFLSDQWVWKDW
FRXOGQRWFRPSDUHEHWZHHQHQWLWLHV
7DEOH6WDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVRIWKHYDOXHVLQ)LJ
XUH0DQQ:KLWQH\WDLO1D 1E 
'LIIHUHQFHLQ.QRZOHGJH
8WLOLW\EHWZHHQ3DQG)
&RJQLWLYH
3URFHVV
=YDOXH 3

(&!&&
5HPHPEHU  3
&DWHJRULVH  3
&RPSDUH  3
1RWDEO\ IRU WKH FRJQLWLYH SURFHVV FDWHJRULVH WKH
ELJJHUHIIHFWRQH[SORUDWLRQRIWKHVXEVXPSWLRQH[SOR
UDWLRQ VWUDWHJ\ RYHU WKH IUHH H[SORUDWLRQ VWUDWHJ\ LV
KLJKO\VLJQLILFDQWS7KHGLIIHUHQFHEHWZHHQ
WKH PHGLDQ YDOXHV IRU FDWHJRULVH XQGHU (& DQG &&
ZDVKLJKHUWKDQUHPHPEHUDQGFRPSDUH)XUWKHUPRUH
ZHH[DPLQHGWKHNQRZOHGJHXWLOLW\IRUWKHWKUHHFRJ
QLWLYHSURFHVVHVIRUHDFKLQVWUXPHQWLQLWVFRUUHVSRQG
LQJFODVVKLHUDUFKLHVDVVKRZQLQ)LJXUH

)LJ.QRZOHGJHXWLOLW\RIWKHWZRVWUDWHJLHV(&DQG&&RI
WKHXVHUFRJQLWLYHSURFHVVHVPHGLDQRIWKHNQRZOHGJHXWLOLW\RI
H[SORUDWLRQIRUDOOXVHUV
7KHNQRZOHGJHXWLOLW\RIWKHH[SORUDWLRQXQGHU(&
LQ WKH WKUHH FRJQLWLYH SURFHVVHVZDV KLJKHU WKDQ WKH
HIIHFWRIIUHHH[SORUDWLRQXQGHU&&IRU%LZDDQGZDV
KLJKHULQWKHFRJQLWLYHSURFHVVHVFRPSDUHDQGFDWHJR
ULVHIRU%DQVXUL6HH)LJXUH7KLVGLIIHUHQFHLQ
(&DQG&&LVVLJQLILFDQWH[FHSWIRUWKHFRJQLWLYHSUR
FHVVFRPSDUHIRULQVWUXPHQW%DQVXUL6HH7DEOH
7RIXUWKHU LQVSHFWZKDWFDXVHG WKH ORZNQRZOHGJH
XWLOLW\ IRU WKH FRJQLWLYH SURFHVV FRPSDUH IRU LQVWUX
PHQW%DQVXULZHORRNHGLQWRWKHSDUWLFLSDQWV¶ID
PLOLDULW\ZLWKWKH:LQG,QVWUXPHQWFODVVKLHUDU
FK\ WKH FODVV KLHUDUFK\ WKDW%DQVXUL EHORQJV WR
DQGQRWLFHGWKDWRIWKHSDUWLFLSDQWVKDGORZID
PLOLDULW\LHSDUWLFLSDQWVKDYHOLPLWHGNQRZOHGJHDQG
WKH\ PD\ KDYH VHHQ VRPH LQVWUXPHQWV ZLWK :LQG
,QVWUXPHQWZKHUHDVRIWKHSDUWLFLSDQWVKDG
ORZ IDPLOLDULW\ ZLWK WKH 6WULQJ ,QVWUXPHQW
FODVVKLHUDUFK\%HLQJPRUHIDPLOLDUZLWKWKH6WULQJ
,QVWUXPHQW FODVV KLHUDUFK\ WKDQ WKH:LQG ,Q
VWUXPHQW FODVV KLHUDUFK\ SDUWLFLSDQWV PD\ KDYH
IRXQGLWHDVLHUWRQDPHHQWLWLHVIRUFRPSDULVRQ$OVR
HQWLWLHVLQ WKH6WULQJ ,QVWUXPHQWFODVVKLHUDU
FK\ DUH DVVRFLDWHG ZLWK PRUH '%SHGLD FDWHJRULHV
FRPSDUHGWRHQWLWLHVLQWKH:LQG,QVWUXPHQWFODVV
KLHUDUFK\ 6WULQJ ,QVWUXPHQW KDV  DQG
:LQG,QVWUXPHQWKDV'%SHGLDFDWHJRULHV
7DEOH6WDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVRIWKHYDOXHVLQ)LJ
XUH0DQQ:KLWQH\WDLO1D 1E 
'LIIHUHQFHLQ
.QRZOHGJH8WLOLW\
EHWZHHQ(&DQG
&&
,QVWUXPHQW
FODVV+LHU
DUFK\
&RJQLWLYH
3URFHVV
=YDOXH 3

(&!&&
%LZD
6WULQJ
5HPHPEHU  3
&DWHJRULVH  3
&RPSDUH  3

(&!&&
%DQVXUL
:LQG
5HPHPEHU  3
&DWHJRULVH 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&RPSDUH  3
8VHU([SORUDWLRQ([SHULHQFH$IWHUHDFKH[SORUD
WLRQVWUDWHJ\WKHSDUWLFLSDQWV¶IHHGEDFNRQWKHH[SOR
UDWLRQH[SHULHQFHZDVFROOHFWHGLQFOXGLQJH[SORUDWLRQ
XVDELOLW\ DQG H[SORUDWLRQ FRPSOH[LW\ DGDSWHG IURP
1$6$7/;>@7DEOH)XUWKHUPRUHWKHSDUWLF
LSDQWVZHUHDVNHGWRWKLQNDORXGDQGQRWHVRIDOOFRP
PHQWVZHUHNHSW
7DEOH4XHVWLRQVWRJDWKHUIHHGEDFNRQXVHUH[SORUDWLRQH[
SHULHQFHDGDSWHGIURP1$6$7/;PHQWDOGHPDQGHIIRUWSHU
IRUPDQFH
6XEMHFWLYH
SURFHVV
4XHVWLRQWH[W
.QRZOHGJH
([SDQVLRQ
+RZ PXFK WKH H[SORUDWLRQ H[SDQGHG \RXU
NQRZOHGJH"
&RQWHQW
'LYHUVLW\
+RZ GLYHUVH ZDV WKH FRQWHQW \RX KDYH H[
SORUHG"
0HQWDO
'HPDQG
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)LJXUHVDQGVXPPDULVHWKHXVHUV¶IHHGEDFN
$VVKRZQLQILJXUHWKHH[SORUDWLRQH[SHULHQFHZLWK
(&ZDVWKHPRVWLQIRUPDWLYHDOOSDUWLFLSDQWVLGHQ
WLILHGWKHLUH[SORUDWLRQH[SHULHQFHZLWKWKHH[SORUDWLRQ
SDWKV XQGHU (& DV LQIRUPDWLYH ZKHUHDV  SDUWLFL
SDQWVLQGLFDWHGWKHLUH[SORUDWLRQZLWK&&DVLQIRUPD
WLYH7KHSDUWLFLSDQWVDOVRIRXQGWKHLUH[SORUDWLRQXQ
GHU(& WREHVOLJKWO\PRUH LQWHUHVWLQJDQGHQMR\DEOH
WKDQ&&)XUWKHUPRUHWKHSDUWLFLSDQWVIRXQGWKHH[
SORUDWLRQ SDWKV XQGHU (& WR EH WKH OHDVW ERULQJ DQG
OHDVWFRQIXVLQJ±RQO\RQHSDUWLFLSDQWDQG
IRXUSDUWLFLSDQWVRIWKHSDUWLFLSDQWVIRXQGHGWKHLUH[
SORUDWLRQZLWK(& WREHERULQJRUFRQIXVLQJUHVSHF
WLYHO\)RULQVWDQFHRQHSDUWLFLSDQWLQGLFDWHG³1DUUD
WLYHVLQSDWKVDOORZVPHWRH[SORUHHQWLWLHVLQDKLHUDU
FKLFDOIDVKLRQDQG,ZRXOGOLNHWRIUHHO\H[SORUHRWKHU
W\SHVRIUHODWLRQVKLSV´$QRWKHUSDUWLFLSDQWLQGLFDWHG
KLV H[SORUDWLRQH[SHULHQFHZLWK(& DVFRQIXVLQJ³,
VDZWKHVDPHLQVWUXPHQWVVHYHUDOWLPHVGXULQJP\H[
SORUDWLRQ´

)LJ8VHUV¶H[SORUDWLRQH[SHULHQFHRIWKHWZRH[SORUDWLRQVWUDW
HJLHV(&DQG&&9DOXHVVKRZQXPEHURIXVHUSDWKVUDWHGZLWK
WKHFRUUHVSRQGLQJFKDUDFWHULVWLFV

)LJ8VHUV
VXEMHFWLYHSHUFHSWLRQRIWKHWZRH[SORUDWLRQVWUDWH
JLHV(&DQG&&EDVHGRQDQDGDSWHG1$6$7/;TXHVWLRQQDLUH
>@PHGLDQYDOXHVIRUDOOXVHUVLQWKHUDQJH
7KHHIIHFWRIWKHH[SORUDWLRQSDWKXQGHU(&RQWKH
VXEMHFWLYHSURFHVVHVNQRZOHGJHH[SDQVLRQDQGSHUIRU
PDQFHZDVKLJKHUWKDQWKHHIIHFWRIWKHIUHHH[SORUD
WLRQVWUDWHJ\DQGWKLVGLIIHUHQFHZDVVLJQLILFDQW6HH
7DEOHDQG)LJ
7DEOH6WDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVRIXVHUV¶VXEMHF
WLYHSHUFHSWLRQRIFRJQLWLYHSURFHVV0DQQ:KLWQH\WDLO
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
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1RWDEO\IRUWKHVXEMHFWLYHSURFHVVNQRZOHGJHH[
SDQVLRQ WKH ELJJHUHIIHFW RQ H[SORUDWLRQ RI (& RYHU
&&LVKLJKO\VLJQLILFDQWS
'LVFXVVLRQ
7KH SDSHU SUHVHQWHG D QRYHO FRPSXWDWLRQDO DS
SURDFK WR IDFLOLWDWHXVHUV¶H[SORUDWLRQ RIGDWDJUDSKV
OHDGLQJ WR NQRZOHGJHH[SDQVLRQ ,Q WKLV VHFWLRQZH
ZLOOVXPPDULVH WKHEHQHILWVRIWKHDSSURDFKZLOOUH
YLVLWLWVPDLQSDUWVWRGLVFXVVNH\IHDWXUHVRIWKHDOJR
ULWKPVDQGZLOOSRLQWDWWKHJHQHUDOLW\DQGIXWXUHDS
SOLFDWLRQVIRUVHPDQWLFGDWDH[SORUDWLRQ
%HQHILWRIWKH([SORUDWLRQ$SSURDFK
2YHUDOO WKHHYDOXDWLRQUHVXOWVKDYHVXSSRUWHGRXU
K\SRWKHVHVZKLFKZHUHVHWRXWLQVHFWLRQ
+:KHQIROORZLQJWKHVXEVXPSWLRQH[SORUDWLRQ
SDWKV WKH XVHUV H[SDQGHG WKHLU GRPDLQ NQRZOHGJH
:KHQXVHUVIROORZHGWKHH[SHULPHQWDOFRQGLWLRQLH
WKHSDWKVJHQHUDWHGE\WKHVXEVXPSWLRQDOJRULWKPXV
LQJNQRZOHGJHDQFKRUVDOORIWKHPH[SDQGHGWKHLUGR
PDLQNQRZOHGJH$OOSDUWLFLSDQWV LQGLFDWHG WKDW WKHLU
H[SORUDWLRQ LQ WKH H[SHULPHQWDO FRQGLWLRQ ZDV LQ
IRUPDWLYHLQRWKHUZRUGVWKH\IHOWWKDWZKLOHIROORZ
LQJWKHSDWKWKH\ZHUHDEOHWRILQGXVHIXOLQIRUPDWLRQ
LQFRQWUDVWRQO\RIWKHSDUWLFLSDQWVIRXQGHGWKHLU
IUHHH[SORUDWLRQWUDMHFWRULHVWREHLQIRUPDWLYH
+7KHH[SDQVLRQLQWKHXVHUV¶NQRZOHGJHZKHQ
IROORZLQJ WKH VXEVXPSWLRQ H[SORUDWLRQ SDWKV ZDV
KLJKHUWKDQNQRZOHGJHH[SDQVLRQZKHQIROORZLQJIUHH
H[SORUDWLRQ7KHSDUWLFLSDQWVZHUHDEOHWRUHPHPEHU
FDWHJRULVH DQG FRPSDUH VLJQLILFDQWO\ PRUH HQWLWLHV
7KHUHVXOWVDOVRVKRZHGWKDWWKHFRJQLWLYHSURFHVVFDW
HJRULVHKDGPRVWHIIHFWRQH[SDQGLQJWKHSDUWLFLSDQWV¶
NQRZOHGJH7KLVZDVFDXVHGEHFDXVHLWKHVXEVXPS
WLRQKLHUDUFKLFDOUHODWLRQVKLSUGIVVXEFODVV2I
ZDVXVHGWRFUHDWHWKHQDUUDWLYHVFULSWVEHWZHHQHQWL
WLHVRIWKHJHQHUDWHGH[SORUDWLRQSDWKVZKLFKKHOSHG
WKHXVHUVWRFDWHJRULVHQHZHQWLWLHVDWGLIIHUHQWOHYHOV
RIDEVWUDFWLRQDWWKHLUFRJQLWLYHVWUXFWXUHVDQGLLWKH
VXEVXPSWLRQSURFHVVXVHVNQRZOHGJHDQFKRUVWRVXE
VXPH DQG OHDUQ QHZ VXEFDWHJRULHV VLPLODUO\ WR WKH
ZD\KXPDQVOHDUQQHZFRQFHSWV
+7KHXVDELOLW\ZKHQWKHVXEVXPSWLRQH[SORUD
WLRQSDWKVZHUHIROORZHGZDVKLJKHUWKDQWKHIUHHH[
SORUDWLRQFDVHV7KHUHVXOWVVKRZHGWKDWSDUWLFLSDQWV
IRXQGWKHJHQHUDWHGH[SORUDWLRQSDWKVWREHPRUHHQ
MR\DEOHDQGOHVVFRQIXVLQJWKDQIUHHH[SORUDWLRQDQG
WKHLUDVVHVVPHQWRISHUIRUPDQFHZDVKLJKHU2QHSDU
WLFLSDQWWKRXJKWWKDWWKHH[SHULHQFHZLWKKLHUDUFKLFDO
QDUUDWLYH VFULSV ZDV ERULQJ DQG VXJJHVWHG WKDW WKH
V\VWHPVKRXOGGLYHUVLI\ WKH W\SHV RI QDUUDWLYHV XVHG
EHWZHHQHQWLWLHVLQWKHH[SORUDWLRQSDWK
,GHQWLI\LQJ.QRZOHGJH$QFKRUVLQ'DWD*UDSKV
7RLGHQWLI\NQRZOHGJHDQFKRUVLQDGDWDJUDSKZH
KDYHXWLOLVHG5RVFK¶VGHILQLWLRQVRIEDVLFOHYHOREMHFWV
7KLVUHTXLUHGRSHUDWLRQDOLVLQJFXHYDOLGLW\XVLQJWZR
JURXSVRIPHWULFVGLVWLQFWLYHQHVVWRLGHQWLI\WKHPRVW
GLIIHUHQWLDWHG FDWHJRULHV ZKRVH DWWULEXWHV DUH VKDUHG
DPRQJVWWKHFDWHJRU\PHPEHUVEXWQRWZLWKPHPEHUV
RIRWKHUFDWHJRULHVDQGKRPRJHQHLW\WRLGHQWLI\FDW
HJRULHVZKRVHPHPEHUVVKDUHPDQ\DWWULEXWHV
:HKDYHDGDSWHGH[LVWLQJPHWKRGVLQ)&$WRGHILQH
PHWULFV IRU .$'* IROORZLQJ 5RVFK¶V GHILQLWLRQV RI
%/27KHDOJRULWKPVKDYHEHHQDSSOLHGRYHUWZRGDWD
JUDSKV±LQPXVLFSUHVHQWHGKHUHDQGLQFDUHHUVSUH
VHQWHGLQ>@ERWKGDWDJUDSKVKDGGLIIHUHQWVL]HDQG
KLHUDUFK\VWUXFWXUH$OWKRXJKWKLVSDSHUIRFXVHVRQO\
RQWKHPXVLFGRPDLQVRWKDWZHFDQVKRZDKROLVWLF
DSSURDFK LOOXVWUDWHG ZLWK D FRQFUHWH DSSOLFDWLRQ LQ
WKHGLVFXVVLRQ EHORZZH LGHQWLI\NH\ IHDWXUHVRI WKH
DOJRULWKPV ZKLFK KDYH EHHQ FRQILUPHG LQ EURDGHU
HYDOXDWLRQVHH>@IRUIXUWKHUGHWDLO
+\EULGLVDWLRQ7KHDQDO\VLVLQGLFDWHGWKDWK\EULG
LVDWLRQRIWKHPHWULFVQRWDEO\LPSURYHGSHUIRUPDQFH
7KHVDPHZDVREVHUYHGLQWKHFDUHHUVGRPDLQ>@
$SSURSULDWH K\EULGLVDWLRQ KHXULVWLFV IRU WKH XSSHU
OHYHORIWKHGDWDJUDSKLVWRFRPELQHWKH.$'*PHWULFV
XVLQJPDMRULW\YRWLQJ7KHK\EULGLVDWLRQKHXULVWLFVIRU
WKHERWWRPOHYHORIWKHKLHUDUFK\DUHGHSHQGHQWRQWKH
GRPDLQVSHFLILFUHODWLRQVKLSVLQWKHGDWDJUDSK+HQFH
WRGHULYHDSSURSULDWHK\EULGLVDWLRQKHXULVWLFVWKDWJLYH
JRRGSHUIRUPDQFHIRUFDWHJRULHVDWWKHERWWRPOHYHO
IXUWKHUH[SHULPHQWDWLRQZLOOEHUHTXLUHG7KLVZLOOLQ
FOXGHFRPSDULQJWKH.$'*GHULYHGXVLQJWKHYDULRXV
GRPDLQVSHFLILFUHODWLRQVKLSVDJDLQVWKXPDQ%/2'*
&XWRIISRLQWLQWKHHYDOXDWLRQ$QLPSRUWDQWVWHS
LQWKHHYDOXDWLRQLVWRLGHQWLI\DVXLWDEOHFXWRIISRLQW
IRUWKH.$'*PHWULFV,QWKHFXUUHQWLPSOHPHQWDWLRQ
WKLVZDVGRQHWKURXJKH[SHULPHQWDWLRQ±WKHEHVWSHU
IRUPDQFHZDVDFKLHYHGZKHQXVLQJWKHWKSHUFHQWLOH
7KHVDPHSHUFHQWLOHZDVLGHQWLILHGDVEHVWIRUWKHFD
UHHUGRPDLQVHH>@:HH[SHFWWKDWZKHQDSSOLHG
WRDUDQJHRIGDWDJUDSKVWKHWKSHUFHQWLOHZLOOJLYH
UHDVRQDEOH SHUIRUPDQFH +RZHYHU WKH EHVW FXWRII
SRLQWIRUDVSHFLILFGDWDJUDSKZRXOGUHTXLUHH[SHUL
PHQWDWLRQFRPSDULQJGLIIHUHQWSHUFHQWLOHV
6HQVLWLYLW\WRGDWDJUDSKVWUXFWXUH7KHRXWSXWRI
WKH .$'* DOJRULWKPV LV VHQVLWLYH WR WKH GDWD JUDSK
VWUXFWXUHLQWHUPVRIWKHULFKQHVVRIWKHFODVVHQWLWLHV
DQG WKHKLHUDUFK\GHSWK6SHFLILFDOO\ WKHDOJRULWKPV
WHQGWRSLFNPRUHDQFKRULQJHQWLWLHVZKHQDGDWDJUDSK
KDVPDQ\FODVVHVDQGKLJKGHSWK)RULQVWDQFHWKHDO
JRULWKPV LGHQWLILHG  DQFKRUV LQ WKH6WULQJ ,Q
VWUXPHQW FODVV KLHUDUFK\ DQG  DQFKRUV LQ WKH
:LQG,QVWUXPHQWFODVVKLHUDUFK\±RXWRIDQ
FKRUV 6WULQJ ,QVWUXPHQW DQG :LQG ,Q
VWUXPHQW DUH WKH ULFKHVW FODVV KLHUDUFKLHV LQ 0X
VLF3LQWD± 6HH 7DEOH  7KH DOJRULWKPV GLG QRW SUR
GXFHDQ\DQFKRULQWKH(OHFWURQLF,QVWUXPHQW
FODVVKLHUDUFK\RQO\FODVVHVZLWKDGHSWKRIRQH
7KHVDPHZDVREVHUYHGLQWKHFDUHHUGRPDLQ>@,W
VKRXOGEHQRWHG WKDW.$'*PHWULFVPD\QRWSURGXFH
.$'*LQVKDOORZFODVVKLHUDUFKLHVGHSWKRU
3RVVLEOH KLJK QXPEHU RI .$'* $SSO\LQJ WKH
.$'*DOJRULWKPVRYHUODUJHGDWDJUDSKVPD\SURGXFH
KLJKQXPEHURI.$'*)XUWKHUILOWHULQJZRXOGEHUH
TXLUHG WR UHGXFH WKH QXPEHURI.$'*2QHSRVVLEOH
ZD\WRDGGUHVVWKLVLVWRXVHFURZGVRXUFLQJ±VKRZLQJ
DOO GHULYHG NQRZOHGJH DQFKRUV DQG DVNLQJ D ODUJH
QXPEHURIXVHUVFURZGWRLGHQWLI\WKHPRVWIDPLOLDU
HQWLWLHVZKLFKZLOOWKHQIRUPWKHUHILQHG.$'*OLVW
*HQHUDWLQJ([SORUDWLRQ3DWKV
:H KDYH GHYHORSHG D QRYHO FRPSXWDWLRQDO DS
SURDFKWRJHQHUDWHH[SORUDWLRQSDWKVZKLFKLVWKHILUVW
DWWHPSW WR DGGUHVV XVHUV¶ GRPDLQ NQRZOHGJH H[SDQ
VLRQGXULQJH[SORUDWLRQ:HKDYHSURYLGHGDQRULJLQDO
ZD\WROLQNOHDUQLQJDQGH[SORUDWLRQE\RSHUDWLRQDOLV
LQJ $XVXEHO¶V VXEVXPSWLRQ WKHRU\ IRU PHDQLQJIXO
OHDUQLQJ7ZRDOJRULWKPVKDYHEHHQIRUPDOO\GHILQHG
LLGHQWLI\LQJWKHFORVHVWNQRZOHGJHDQFKRUDQGLL
JHQHUDWLQJH[SORUDWLRQSDWKVDQGWUDQVLWLRQQDUUDWLYHV
6HYHUDOSRVVLEOHNQRZOHGJHDQFKRUV,WLVSRVVLEOH
WKDWVHYHUDONQRZOHGJHDQFKRUVLQDGDWDJUDSKKDYH
WKHVDPHVHPDQWLFVLPLODULW\YDOXHZLWKWKHILUVWHQWLW\
WKHHQWLW\VHOHFWHGDVDVWDUWLQJSRLQWIRUWKHSDWK)RU
H[DPSOHWKHUHZHUHWZRNQRZOHGJHDQFKRUV)OXWH
DQG5HHGVZLWKWKHVDPHVHPDQWLFVLPLODULW\YDOXH
ZLWK WKH ILUVW HQWLW\%DQVXUL 2QH ZD\ WR DGGUHVV
WKLVLVWRFRQVLGHUWKHGHQVLW\RIHDFKNQRZOHGJHDQ
FKRUHQWLWLHVHJXVLQJGHJUHHFHQWUDOLW\LQWKHJUDSK
7KHQVHOHFWNQRZOHGJHDQFKRUZLWKWKHKLJKHVWGHQ
VLW\DVLWZLOOLQFOXGHPDQ\VXEFODVVPHPEHUVWRVXE
VXPHZKLOHJHQHUDWLQJWKHH[SORUDWLRQSDWK
7UDQVLWLRQ WR WKH FORVHVW NQRZOHGJH DQFKRU ,Q
VRPHFDVHVWKHVHPDQWLFVLPLODULW\PHWULFFDQLGHQWLI\
FORVHVW NQRZOHGJH DQFKRUV ZKLFK DUH QRW VXSHUFODVV
LH1 LQ7DEOHVXEFODVV LH1 LQ7DEOHQRU
VLEOLQJ LH 1 LQ 7DEOH  WR WKH ILUVW HQWLW\ ZKLFK
PHDQV WKDW WKH FORVHVW NQRZOHGJH DQFKRU FDQQRW EH
UHDFKHGGLUHFWO\IURPWKHILUVWHQWLW\XVLQJRQHRIWKH
VXJJHVWHGQDUUDWLYHWUDQVLWLRQV)RULQVWDQFHDOWKRXJK
WKHDQFKRUV)OXWHDQG5HHGVKDYHWKHVDPHVHPDQ
WLF VLPLODULW\ YDOXH ZLWK WKH ILUVW HQWLW\ %DQVXUL
)OXWH LV D VXSHUFODVV RI %DQVXUL WKDW FDQ EH
UHDFKHGGLUHFWO\XVLQJWKHQDUUDWLYHW\SH1LQ7DEOH
 ZKHUHDV 5HHGV FDQ¶W EH UHDFKHG GLUHFWO\ IURP
%DQVXUL2XU VROXWLRQ WRDGGUHVV WKLV LVVXHZDV WR
DSSO\ WKH VHPDQWLF VLPLODULW\ PHDVXUH SURSRVHG LQ
>@ WR ILQG NQRZOHGJH DQFKRUV ZKLFK FRXOG EH
UHDFKHGGLUHFWO\IURPWKHILUVWHQWLW\)XWXUHZRUNFDQ
FRQVLGHURWKHUVHPDQWLFVLPLODULW\DOJRULWKPVVXFKDV
WKHPHDVXUHSURSRVHG LQ>@ZKHUHFDOFXODWLQJVH
PDQWLFVLPLODULW\EHWZHHQWZRHQWLWLHVLVEDVHGRQWKH
VKRUWHVWSDWKDQGPD[LPXPGHSWKRIWKHFODVVKLHUDU
FK\ RU WKH VHPDQWLF VLPLODULW\ PRGHO SUHVHQWHG LQ
>@ ZKHUH HDFK FODVV HQWLW\ LV JLYHQ D SUREDELOLW\
YDOXH XVHG WR FDOFXODWH WKH VHPDQWLF VLPLODULW\ EH
WZHHQWZRHQWLWLHV$QRWKHUVROXWLRQIRUUHDFKLQJWKH
FORVHVNQRZOHGJHDQFKRULVWRDGGDQDUUDWLYHW\SHLQ
7DEOHWKDWLQGLFDWHVWKDWWKHILUVWHQWLW\DQGWKHFORV
HVWNQRZOHGJHDQFKRUVLPSO\EHORQJWRWKHVDPHGR
PDLQEXWWKHUHLVQRGLUHFWWUDMHFWRU\EHWZHHQWKHP
([SORUDWLRQSDWKOHQJWK7KHSDWKJHQHUDWLRQDO
JRULWKPXVHVDNQRZOHGJHDQFKRUWRVXEVXPHVXERUGL
QDWHHQWLWLHVLHVXEFODVVHVRIWKHFORVHVWNQRZOHGJH
DQFKRUZKLOHJHQHUDWLQJWUDQVLWLRQQDUUDWLYHVRIDSUH
GHILQHGOHQJWKPJLYHQDVLQSXWWRWKHDOJRULWKP7KH
DOJRULWKP LV GHSHQGHQW RQ WKH VXEFODVVHV RI WKH VH
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